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ABSTRACT 
 In this study, the associations of socioeconomic variables with reading test 
scores in grade 4 (PIRLS) and with math and science test scores in grades 4 and 
8 (TIMSS) were examined across 28 OECD countries.  This study adds to the 
current knowledge base by integrating measures of income inequality, which 
have been used in a few studies involving test scores, with other socioeconomic 
variables of interest.  Bivariate correlations show that certain socioeconomic 
measures have stronger relationships with test score inequality than with 
average test scores: income inequality, gender inequality, and adolescent fertility 
rates all have significant relationships with test score inequality in reading, math, 
and science. There are also strong intercorrelations among these three 
socioeconomic variables.  Income inequality is significantly associated with 
average science test scores in grades 4 and 8, while adolescent fertility rates 
hold significant relationships with average math and science test scores in both 
grades. 
 Intercorrelations among the variables show that people who live in a 
country with high income inequality, and are at the lower end of that country’s 
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income distribution, struggle in ways that people in countries with low income 
inequality do not.  Health insurance and access to health care, paid maternity 
leave, and preschool education are easier to obtain in countries with lower 
income inequality.   
 Examination of individual countries gives additional insight into the 
important role of income inequality.  Slovenia, for example, has a relatively low 
GDP per capita but enjoys good test scores, perhaps because of its low income 
inequality.  Finland, another country with low income inequality, attains PIRLS 
and TIMSS test scores that are among the highest in the world, in part because 
of social services that have the effect of further reducing income inequality.  The 
U.S. is something of a puzzle because it has relatively high scores despite 
substantial inequality.   
 Based on the results of this study and other current research, it seems 
likely that the U.S. could reduce test score inequality by providing targeted 
supports to low-income families, effectively reducing income inequality.  Such 
supports may include: 1) installing wraparound services within school settings for 
low-income families; and 2) substantially expanding preschool access, especially 
among 3-year-olds.   
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CHAPTER 1: CONTEXT OF THE PROBLEM AND SIGNIFICANCE 
Introduction to the Problem 
 Discussions and research studies regarding U.S. educational policy often 
center on why all students are not achieving at high levels.  There has been 
substantial concern that U.S. students are not achieving proficiency in academic 
subjects, which will hinder their competitiveness in the global economy.  Some of 
this concern is based on the U.S.’s low rankings on three international 
assessments: Program for International Student Assessment (PISA), Progress in 
International Reading Literacy Study (PIRLS), and Trends in International 
Mathematics and Science Study (TIMSS).  The PISA measures how well 
students can apply their reading, math, and science knowledge to real-world 
problems, and is administered to 15-year-old students around the world.  The 
PIRLS is a fourth-grade test that assesses achievement in reading and literacy, 
while the TIMSS measures math and science knowledge in fourth and eighth 
grades.  PIRLS and TIMSS questions directly relate to the curricula that are 
covered in schools, while PISA examines the ability of students to solve real-
world problems and think critically about material that may be encountered 
outside of the school setting.  The tables on the next page show U.S. average 
scores and global rankings on the most recent versions of the above 
assessments. 
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Table 1.1: 2012 PISA Scores (U.S. Averages and International Ranking) 
Mean varies by test; standard deviation = 100. 
 
Metric PISA Reading PISA Math PISA Science 
U.S. Average Score 498 481 497 
U.S. Ranking 24th 36th 28th 
OECD Average 
Score 
496 494 501 
Number of 
Education Systems * 
65 65 65 
Source: Kelly, Xie, Nord, Jenkins, Chan, and Kastberg, 2013. 
*  Some participating education systems, such as Shanghai, Hong Kong, 
 and Macao (China), are not independent countries. 
 
Table 1.2: 2011 PIRLS and TIMSS (U.S. Averages 
and International Ranking) 
Mean = 500 for all tests; standard deviation = 100. 
 
Metric 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
U.S. Average Score 556 541 544 509 525 
U.S. Ranking 6th 11th 7th 9th 10th 
Number of 
Education Systems * 
45 52 52 45 45 
 Sources:  Mullis, Martin, Foy, and Drucker, 2012; Mullis, Martin, Foy, and  
    Arora, 2012; Martin, Mullis, Foy, and Stanco, 2012.  
* Some participating education systems, such as Hong Kong and the 
 Palestinian National Authority, are not independent countries.  
  Relative to other countries, U.S. scores on the PISA are comparatively 
weaker than their scores on PIRLS and TIMSS.  With respect to the U.S.’s 
performance on PISA, the U.S. scores below the OECD average in math and 
science, and just slightly above the OECD average in reading.  This may signal 
that U.S. schools are performing poorly in teaching students critical thinking and 
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problem-solving skills.  PISA is age-based, rather than grade-based, which 
means students have to be 15 years old to participate, regardless of what grade 
they are in.  For the U.S. to improve its PISA scores, it would need to implement 
educational reforms much earlier than high school (when students take the PISA) 
so that students can learn the fundamentals of each subject before attempting to 
master more challenging concepts and real-world applications in the middle and 
high school curricula.   
 U.S. students’ performances on PIRLS and TIMSS are comparatively 
stronger, with higher global rankings and scores that are above the overall 
averages.  Nevertheless, the U.S. lags behind leading countries such as Finland, 
Russia, and Singapore in reading in grade 4, and math and science in grades 4 
and 8.  The U.S.’s TIMSS scores in both math and science are weaker than 
those of several educational systems in Asia, such as Hong Kong, Japan, 
Singapore, South Korea, and Taiwan; the exception is fourth-grade science, 
where the U.S.’s score (544) is slightly above Hong Kong’s (535).   
 Compared to the PISA, the PIRLS and TIMSS are more closely linked to 
curricula that are taught in schools, and measure student progress at an earlier 
stage.  For these reasons, the dissertation will examine the relationships 
between socioeconomic variables and PIRLS and TIMSS test scores, rather than 
PISA scores.  Future research could extend this study by using PISA test scores 
instead of PIRLS and TIMSS data. 
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Achievement Gaps in the U.S. 
 Examination of U.S. data from PISA, PIRLS, and TIMSS test scores 
across multiple years reveals persistent achievement gaps among students from 
different racial and ethnic backgrounds (International Data Explorer, 2013).  
Similar achievement gaps were found on other tests, such as the National 
Assessment of Educational Progress (NAEP), the Scholastic Assessment Test 
(SAT), and the ACT (an abbreviation of American College Testing) (Kobrin, 
Sathy, and Shaw, 2006; Meyers, 2010; NAEP Data Explorer, 2013).  
 Achievement gaps “are associated negatively with measures of 
educational attainment, employment opportunities, and earnings” for certain 
students, and “damage the economic and social fabric of society, undermine civil 
rights and social justice for a growing segment of the population, and destroy the 
principles of democracy” (Murphy, 2010, p.21).  Further, when sufficient numbers 
of students do not achieve at high levels, the capabilities of the future workforce 
are threatened.  When the 2011 Trends in International Mathematics and 
Science Study (TIMSS) scores were made public, U.S. Education Secretary Arne 
Duncan stated, “A number of nations are out-educating us today in the STEM 
disciplines—and if we as a nation don’t turn that around, those nations will soon 
be out-competing us in a knowledge-based, global economy” (2012).   
 In the 1960’s, test score gaps between Black and White students were 1.5 
to 2 times larger than comparable gaps between students from high- and low-
income backgrounds (Reardon, 2011).  This was no doubt the result of 
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discrimination, which prevented Black students from reaching their full potential.  
This situation is reversed today, as achievement gaps between high- and low-
income students are twice the size of gaps between Black and White students 
(Reardon, 2011).  One reason for the increase in the “income achievement gap” 
may be the rise in income inequality during recent decades. 
 
High Levels of Economic Inequality and Poverty in the U.S. 
 Economic inequality in the U.S. has been increasing for the last forty 
years.  Annual incomes (adjusted for inflation) for the top 1% of households have 
increased by 175% since 1979, while income for the bottom 99% of households 
has increased much less (Congressional Budget Office, 2014; Piketty and Saez, 
2014).  Cumulative income for households from the 81st to 99th percentiles has 
increased by 59% since 1979, while income for the middle three quintiles (21st to 
80th percentile) has stagnated, increasing by only 29% during this same time 
period.  Households in the lowest quintile (0 to 20th percentile) experienced 
cumulative income growth of 40% (Congressional Budget Office, 2014).  This 
trend differs from the reduction in the income gap that occurred between 1930 
and 1975, due to increases in productivity and real wages for all workers, 
increased social spending, and a progressive tax system (Samuelson and 
Nordhaus, 1995).  The figure below depicts the substantial income gains of the 
top 1% with wage stagnation for households in the bottom 80% over the past 30 
years. 
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Figure 1.1: Cumulative Percentage Growth in Average Inflation-Adjusted 
Before Tax Income, 1979 to 2011
 
 Source: Congressional Budget Office, 2014. 
 
 Although the above graph describes the overall growth of income 
inequality from 1979–2011, household incomes at specific percentiles are more 
useful for showing the income levels attained by different groups.  Below is a 
table with annual household incomes at each percentile in 2013. 
 Because of wage stagnation for the bottom 80% of American households, 
there have been increasing numbers of students living in poverty, posing 
tremendous challenges for schools.  A 2014 report by the United Nations 
Children’s Fund (UNICEF) found that the U.S. had the 36th highest percentage 
of children living in relative poverty (32.2%) out of 41 EU and OECD countries.  
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Relative poverty is defined here as earning below 60% of the country’s median 
income, and it is useful in that it can be compared across countries (UNICEF, 
2014).  Furthermore, differences in incomes between the 10th and 50th 
percentiles of households are greater in the U.S. than in other developed 
countries (Gould and Wething, 2012).   
Table 1.3: Household Income at Selected Percentiles, 2013 
 
Percentile Income  
Ratios of 
Selected 
Percentiles 
Ratios 
10th $12,401  90th/10th 12.10 
20th $20,900  95th/20th 9.38 
40th $40,187  95th/50th 3.78 
50th $51,939  80th/50th 2.04 
60th $65,501  80th/20th 5.07 
80th $105,910  50th/20th 2.50 
90th $150,000    
95th $196,000    
 Source: (DeNavas-Walt and Proctor of U.S. Census Bureau, 2014, p.30) 
  The statistical definition of absolute poverty within the U.S. is determined 
yearly by the U.S. Census Bureau.  The Census Bureau’s Current Population 
Survey samples approximately 100,000 U.S. households, and asks respondents 
about the size of their household and their annual income.  If the annual 
household income is less than a given threshold, then the members of the 
household are classified as living in poverty.  For example, in 2013, the poverty 
threshold for a single-parent household with two children was $18,769; the 
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comparable figure for a two-parent household with two children was $23,624 
(DeNavas-Walt and Proctor, 2014).  In 2013, there were 45.3 million Americans 
living in poverty, or 14.5% of the population.  However, a disproportionate 
number of these people are children under age eighteen: 19.9% of children, or 
14.7 million, live in poverty (DeNavas-Walt and Proctor, 2014).  Therefore, the 
current income inequality adversely affects a higher percentage of children than 
adults. Attempts to account for nonresponse bias on the Current Population 
Survey suggest that the actual poverty rate may be somewhat higher than the 
official one (Hokayem, Ziliak, and Bollinger, 2012). Furthermore, there are 
many families above the poverty threshold who have a difficult time meeting their 
children’s needs due to financial reasons: it is hard to support a family in many 
cities on an annual income of $23,624.   
 Schools have been given the task of educating students and lifting 
students out of poverty through educational achievement (Christensen, Horn, 
and Johnson, 2011; Jensen, 2009).  Current levels of income inequality may be 
hindering the accomplishment of this goal, due to significant positive correlations 
between family income and children’s educational achievement (Abbott and 
Joireman, 2001; Brooks-Gunn and Duncan, 1997; Lee and Burkham, 2002; 
Magnuson and Duncan, 2006; Murphy, 2010; Papay, Murnane, and Willett, 2015; 
Peng and Wright, 1994; Rothstein, 2004).   
 Some policymakers and scholars believe income inequality cannot fully 
explain low performance, criticizing schools for not sufficiently raising the 
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achievement and test scores of students from all backgrounds.  Critics complain 
that the U.S. spends more money on K–12 education than almost every other 
nation, yet fails to obtain benefits commensurate with this investment (Education 
Next, 2009; Hanushek, 2016). 
 However, these critics fail to mention that some of that money is spent 
helping children overcome obstacles that some of them face outside of school, 
such as a lack of adequate housing, health care, and parental support.  Schools 
give low-income students vouchers for breakfast and lunch, and schools provide 
all children with access to bus transportation, guidance counselors, social 
workers, and the school nurse as appropriate.   
 Many low-income families are financially unable to meet their children’s 
health care needs (Hamel, Norton, Pollitz, Levitt, Claxton, and Brodie, 2016; 
Stuckler, Feigl, Basu, and McKee, 2010), which can prevent these children from 
reaching their potential in the classroom.  The U.S. continues to be one of the 
only developed nations without universal health care (although the Affordable 
Care Act has reduced the number of uninsured Americans).  In contrast, low-
income families in other Organisation for Economic Co-operation and 
Development (OECD) countries have been enjoying access to health care for a 
long period of time (Rothstein, Wilder, and Allgood, 2011).   
 The health care system is just one example of a social program that is 
stronger in other OECD countries than in the U.S.  Could a lack of 
socioeconomic support for families, combined with a rise in income inequality, 
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partially explain the low performance of U.S. students on international 
standardized tests? The next section of this dissertation outlines several 
research questions that address this issue. 
  
Statement of the Problem  
 This study reports on each country’s performance on a variety of 
socioeconomic measures, and relates it to the performance of students on 
standardized tests.  As the literature (reviewed below) suggests, income 
inequality has a large but not yet fully understood impact on educational 
performance, through its influences on the home and school environments of 
children.  This study hopes to contribute to the growing body of research in this 
field by systematically exploring the relationships between income inequality and 
different areas of academic performance in two separate grade levels, across 28 
OECD countries.  Furthermore, we examine associations with other 
socioeconomic variables that are described in the literature, and test whether 
these associations are significant across countries.  Using multiple 
socioeconomic and educational measures, and a sample of countries that is 
larger than that found in many other studies, we are able to pinpoint key 
variables that are associated with educational performance.   
 The results of this study will also provide information about the relative 
strengths and weaknesses of countries in meeting the welfare needs of their 
citizens.  We propose an index, the Index of Socioeconomic Inequality (ISI), that 
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tabulates countries’ average ranking across the variables in this study.  This 
index compares overall socioeconomic inequality across countries and may 
serve to inform policy.  Clusters of countries with high and low levels of 
socioeconomic inequality are examined to help find patterns in the data.  Finally, 
we explore how the special characteristics of two countries can modulate the 
effects of income inequality, and propose improvements in societal supports 
available to U.S. children. 
 This research cannot prove causality among the variables, because the 
socioeconomic variables that are considered necessitate using country-specific 
data rather than data at the individual level.  Even if longitudinal data were 
available, potential confounding of variables would make causal inferences 
problematic. 
 The research questions investigated in this dissertation are:  
1)  To what extent is income inequality associated with average reading 
achievement in fourth grade, and average mathematics and science 
achievement in fourth and eighth grades across countries?   
2)  To what extent is income inequality associated with test score inequality 
across countries? 
3)  What other economic measures correlate with reading, mathematics, and 
science achievement across countries?   
4)  Given the importance of mothers to their children’s education, what 
relationship does gender inequality (as measured by the United Nations’ 
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Gender Inequality Index) have with student achievement in reading, 
mathematics, and science?  What is the relationship between measures of 
economic inequality and gender inequality? 
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CHAPTER 2: REVIEW OF THE LITERATURE  
Introduction 
 To better understand the impact that poverty and income inequality have 
on the educational achievement gap in the U.S., it is necessary to understand 
what variables are associated with income inequality, and the effect that these 
variables have on academic achievement.  While economic inequality contributes 
to educational achievement gaps, the inequality in educational opportunities and 
outcomes among children impacts wages and future earnings when these 
children become adults.  Thus, educational inequality can hinder the upward 
mobility of children in low-income families, perpetuating income inequality across 
generations.  The first half of the literature review describes the evidence linking 
economic inequality with educational inequality through economic inequality’s 
effects on family background characteristics and the home environment.  In turn, 
the second half of the literature review examines the associations between 
economic inequality and disparate learning environments in schools, which then 
lead to inequalities in educational outcomes.   
 Since a primary goal of this literature review is to understand what 
variables are associated with income inequality, this chapter will report on the 
major themes within existing research that pertain to each variable.  These major 
themes will be useful in developing the aims and research questions of the 
dissertation, and in determining which variables should be included in the 
analysis.   Although a comprehensive literature review could be conducted on 
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each of the variables in this study, the goals of the literature review, combined 
with the number of variables that are included in the dissertation, make such an 
approach less useful.  Thus, this literature review will summarize the major topics 
within existing research that pertain to each variable, and defer more exhaustive 
examinations to future studies. 
 
How Economic Inequality Affects Educational Inequality Through Family 
Background Characteristics and Home Environments 
 
 A large yet expanding body of research continues to explore the effects of 
economic inequality on student achievement, and the ways in which economic 
inequality helps create an achievement gap between students from low-income 
and high-income backgrounds.  The landmark Coleman Report (1966) delineated 
numerous out-of-school socioeconomic factors that are responsible for 
substantial portions of the variance in student achievement.  Rothstein (2004, p. 
14) states: “no analyst has been able to attribute less than two-thirds of the 
variation in achievement among schools to the family characteristics of their 
students”. 
 The first half of the literature review will examine educational achievement 
gaps that are associated with differences in family background characteristics 
and the home environment.  These differences are caused by three interrelated 
aspects of economic inequality: 1) income inequality, 2) gender inequality, and; 
3) disparities in other socioeconomic measures that correlate with income 
inequality. 
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Educational Achievement Gap Due to Income Inequality 
- Inter-Country Studies 
 The most popular method to measure income inequality across countries 
is the Gini coefficient (De Maio, 2007; World Bank, 2011), which compares the 
actual distribution of income within a country to a hypothetical distribution, in 
which everyone earns the same amount.  The range of Gini coefficients is from 0 
to 1; a country where all earn the same amount would have a Gini coefficient of 
0, whereas a country in which one person earns all the income would have a Gini 
coefficient of 1.  Income inequality, as measured by the Gini coefficient, was 
slightly associated with lower average test scores in 2011 PIRLS and TIMSS 
assessments (Hedges, 2013).  There was a weak positive association between 
income inequality and the percentage of students with low test scores across 
countries (Hedges, 2013).  Higher income inequalities (as measured by the Gini 
coefficient) in a country were associated with lower average student test scores 
on the 2000 PISA, absent other variables (Chiu and Khoo, 2005).  A similar result 
was found by Adebayo (2012).  Finally, results from PISA examinations have 
shown that students in countries like Finland, which promote equity among 
members of its society and among schools, earn high scores on standardized 
tests (Beaudette, 2012). 
  A high correlation was present between income inequality and test score 
inequality in several countries, including the U.S., Canada, and many from 
Europe, for individuals who took the International Adult Literacy Test.  The ratios 
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of the 90th percentile to the 10th percentile were used to determine disparities 
between test scores and income levels at different points in the data (Nickell, 
2004).  A plot of these ratios shows a strong positive correlation between 
inequality of income and inequality of test scores (Hanushek, 2010).   
 
- U.S. Studies 
 Reardon (2011) examined trends across several standardized tests from 
1943–2001, and defined the income achievement gap as the difference between 
the test scores of a child whose family is in the 90th income percentile and the 
scores of a child whose family is in the 10th income percentile.  In the 1960s, the 
Black-White achievement gap in the U.S. was 1.5 to 2 times larger than the 
income achievement gap; however, the reverse is true today, with the income 
achievement gap being twice as large (Reardon, 2011).  Reardon’s findings are 
not surprising, given the success of the civil rights movement and separately, a 
rise in economic inequality.  Focusing on the income achievement gap may be 
more useful than examining the gap across racial or ethnic groups, for much of 
the gaps among these groups are caused by key environmental variables, such 
as education and socioeconomic background of the parents (Carpenter, 
Ramirez, and Severn, 2006; Lee and Burkham, 2002).  
 Family income affects children’s development at an early age, and has 
greater effects on children who are under the age of 5 (Brooks-Gunn and 
Duncan, 1997).  For instance, higher-income parents provide more emotional 
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warmth and cognitive stimulation to babies (Lugo-Gil and Tamis-LeMonda, 
2008).  Household income is positively correlated with abilities in problem-solving 
and word recognition, but is negatively associated with problematic behaviors in 
children who are 3 to 5 years old  (Yeung, Linver, and Brooks-Gunn, 2002).  
Household income may be a more significant predictor of a child’s intelligence 
quotient (IQ) at age 5 than maternal education (Duncan, Brooks-Gunn, and 
Klebanov, 1994).  Reading and math achievement for children at the start of 
kindergarten are positively related to family income quintiles (Lee and Burkham, 
2002). 
 Students who are eligible for free or reduced lunch programs achieve 
lower test scores, even while accounting for other variables (Bali and Alvarez, 
2003; Hughes, 2003; Lee and Bowen, 2006; Maruyama, 2003; Patterson, 
Kupersmidt, and Vaden, 1990).  Income levels (as measured by free or reduced 
lunch) account for more of the variance in students’ test scores than family 
ethnicity (Abbott and Joireman, 2001; Papay, Murnane, and Willett, 2015).  Self-
reported family income is positively associated with eighth-grade test scores in a 
large, diverse sample (n = 25,000) (Peng and Wright, 1994).  Income  levels are 
more likely to predict whether a child has behavior problems than either ethnicity 
or number of parents in the household (Patterson, Kupersmidt, and Vaden, 
1990).  Even after controlling for parental education, researchers found that 
children from low-income families are more likely to repeat a grade (Brooks-Gunn 
and Duncan, 1997); low-income students experience a higher risk for dropping 
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out of school (Duncan and Brooks-Gunn, 2000; Papay, Murnane, and Willett, 
2015).   
 One way to reduce income inequality is to provide increased government 
cash payments to low-income families.  There are some historical instances 
where such increases have been associated with improved educational or health 
outcomes for children and families (Duncan, Magnuson, and Votruba-Drzal, 
2014).  By comparing test scores of children before and after increased 
government payments to low-income families, researchers can determine what, if 
any, effects the cash payments may have had on test scores. 
 From 1971–1974, an experiment involving a negative income tax was 
conducted, in which the government assured a group of low-income Black 
families in Gary, Indiana, that they would have a minimum level of income, 
regardless of the occupations held by the adults in these families (Maynard and 
Murhane, 1979).  Approximately 60% of these family households were headed 
by females.  Children of families who participated in this experiment attained 
increases in reading test scores in grades 4 and 6 although the achievement of 
older children remained unchanged (Maynard and Murhane, 1979). 
 Between 1969 and 1973, the government conducted similar negative 
income tax experiments in rural areas of North Carolina and Iowa (Munnell, 
1986).  In North Carolina, 68% of the sample was Black, and 62% of families had 
incomes below the poverty level.  In North Carolina, children in grades 2 to 8 
whose families participated in the experiment achieved significant improvements 
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in attendance, behavior, grades, and standardized test scores.  Although high-
school students showed improvements in grades, the improvements were not 
significant; no improvement was found in attendance, and data from 
standardized tests and behavior were not collected (Maynard, 1977).   
 The Iowa sample contained no Black members, and 37% of families had 
incomes below the poverty level.  In Iowa, there were no significant differences in 
any of the measures among children whose families participated in the negative 
income tax experiment compared with those whose families did not (Maynard, 
1977).   
 Between 1993 and 1997, the Earned Income Tax Credit paid low-income 
families up to an additional $2,100 per year.  These increased cash payments 
corresponded with higher test scores in reading and math for children from these 
families (Dahl and Lochner, 2010).  Although there are strong reasons to provide 
increased cash payments to families with younger children, e.g. younger 
children’s brains are more malleable, more research is needed to determine 
whether increased payments should be targeted just to families with young 
children, or to families with older children as well (Duncan, Magnuson, and 
Votruba-Drzal, 2014).   
 Although increases in cash payments to low-income families would reduce 
income inequality, there are other ways the U.S. government could assist low-
income families.  A later part of the literature review will focus on disparities in 
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other socioeconomic measures in families, and the effects of these disparities on 
educational achievement gaps. 
 
Educational Achievement Gap Due to Gender Inequality 
 A limited number of studies describe correlations between economic 
inequality and gender inequality.  Higher levels of gender inequality, measured 
by differences between males and females in educational attainment, 
employment, and wages, correspond with increased poverty and income 
inequality in Latin American countries (Costa, Silva, and Vaz, 2009).  The Gini 
wealth coefficient (measuring wealth inequality within a country) and the Gender 
Inequality Index are positively associated across fifty-four developed and 
developing countries (Wells, Marphatia, Cole, and McCoyare, 2012).  In 2010, 
the United Nations created a new, improved measure of gender inequality, the 
Gender Inequality Index, which aggregates the economic, political, educational, 
and health inequalities faced by males and females in a society (Gaye, Klugman, 
Kovacevic, Twigg, and Zambrano, 2010).  There is no meaningful relationship 
between Gini income coefficients and the Gender Inequality Index among a 
limited group of countries: Brazil, China, India, and South Africa (Pinto, 2013).  
No studies were found that compared Gini income coefficients, the Gender 
Inequality Index, and academic achievement across multiple OECD countries. 
 Currently in countries around the world, females experience lower levels 
of employment and wages compared to males (International Labor Organization, 
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2015; United Nations Development Programme, 2014; World Bank, 2013).  
Although some research suggests that gender inequality has had a positive 
association with economic growth in semi-industrialized countries, this growth 
may have been due to an increase in the ability of these countries to export 
cheap goods made by low-wage workers (Seguino, 2000(a); Seguino, 2000(b)).  
Multiple estimates across a wider range of countries indicate that gender 
inequality hinders overall economic growth (Aguirre, Hoteit, Rupp, and Sabbagh, 
2012; Dollar and Gatti, 1999; Jacobsen, 2013).  When women attain higher 
levels of education and wages, all members of a society benefit, since women 
influence the healthy growth and development of children (Aguirre, Hoteit, Rupp, 
and Sabbagh, 2012; Osmani and Sen, 2003).   
 The existing research concerning disparities in educational achievement 
between males and females has focused on math and reading standardized test 
scores.  Historically, there has been a gender gap in international math 
assessments, in which boys have outperformed girls; however, this gap has been 
closing rapidly.  A gap still exists in several countries in the 2012 PISA tests 
(Organisation for Economic Co-operation and Development, 2014), but in the 
2007 and 2011 TIMSS, the gender gap in math has been practically eliminated; 
in fact, girls have outperformed boys in some countries (Mullis, Martin, Foy, and 
Arora, 2012).   
 Using the 2003 PISA and different measures of gender equity, 
researchers found that countries with more equality between the genders had 
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smaller disparities between boys and girls in math test scores (Else-Quest, Hyde, 
and Linn, 2010; Guiso, Monte, Sapienza, and Zingales, 2008; Hyde and Mertz, 
2009; Organisation for Economic Co-operation and Development, 2003).  For the 
1995 and 2003 TIMSS, there was a significant link between math test scores of 
girls and perceived employment opportunities for women.   
 Other research suggests that measures of gender inequality do not have 
significant relationships with the male-female test score gap in math, as 
measured by the 2009 PISA (Kane and Mertz, 2012).  Further, when males and 
females are treated more equally in a society, both male and female students 
score higher on tests (Kane and Mertz, 2012).  This latter conclusion is shared by 
other researchers as well, but there is disagreement on the magnitude (or 
existence) of the math test score gap between the genders (Guiso, Monte, 
Sapienza, and Zingales, 2008; Kane and Mertz, 2012). 
 In reading, the picture is different, with girls performing better than boys in 
reading across multiple time periods, as measured by both the PIRLS and PISA 
assessments (Marks, 2008; Mullis, Martin, Foy, and Drucker, 2012; Organisation 
for Economic Co-operation and Development, 2014).  In countries with greater 
measures of equality, the gap in reading test scores in the 2003 PISA was larger, 
with girls outperforming boys by even greater margins.  When countries have 
higher measures of equality, the girls’ scores increase, but the boys’ scores 
remain the same—presumably because the increased equality in these societies 
empowers girls to reach their full academic potential (Guiso, Monte, Sapienza, 
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and Zingales, 2008). 
 Gender inequality in a society creates certain stereotypes, in which men 
and boys are expected to fulfill certain roles, and women and girls others.  This 
worldview creates a stereotype threat, which can be defined as “the threat of 
being viewed through the lens of a negative stereotype, or the fear of doing 
something that would inadvertently confirm that stereotype” (Steele, 2003, 
p.111).  For instance, if women in a society do not attain leadership positions, or 
are underrepresented in math and science careers, then girls may believe they 
are not capable of achieving in these fields.  Stereotypes can undermine 
achievement in both boys and girls, as shown in NAEP test scores in math and 
reading from 2000 to 2005.  In regions with greater levels of perceived 
stereotypes (according to a survey) the math gap (in favor of boys) and the 
reading gap (in favor of girls) were greater.  In regions with lower levels of 
stereotypes, both gaps were smaller (Pope and Sydnor, 2010).  Girls are often 
more confident at reading, and to the extent that reading is perceived as a 
feminine activity, boys are more likely to avoid reading, especially as they get 
older (Canadian Council on Learning, 2009; K12 Reader, 2012).  Although Pope 
and Sydnor (2010) found reading gaps to decrease with lower levels of 
stereotypes, Guiso, Monte, Sapienza, and Zingales (2008) found that reading 
gaps increased with greater levels of gender equality.  More research is needed 
to explore whether these contradictory findings are due to the usage of different 
assessments in each study, random variation, or some other factor. 
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 Much of the literature on gender inequality and its effect on academic 
outcomes focuses on test score differences between boys and girls.  However, 
there appears to be a gap in the literature concerning the relationship between 
an aggregate measure of gender inequality, such as the Gender Inequality Index, 
and overall test score inequality within a society, and how these variables react 
jointly with income inequality and other socioeconomic attributes. 
 
 
Educational Achievement Gap Due to Other Socioeconomic Measures That 
Correlate With Income Inequality 
 
 Parents and society attempt to raise healthy children through a variety of 
efforts and programs, and all of these investments involve two types of 
resources: money and/or time.  In previous educational research, family income 
has been used as a proxy for money, and parental education for time (Leibowitz, 
1977).  Social capital, which is defined as the capacity to use “social structures” 
to achieve a goal, can also be considered a vital input (Coleman, 1988, p.S98).  
A parent’s social capital is influenced by the neighborhood of residence, which in 
turn is partially determined by income.  Time is also needed to build relationships 
that create social capital that can later be used to benefit children.  Certain 
demographic variables, such as number of parents in a household and parental 
education, possess strong relationships with family income, and also, with 
educational achievement.   
 On average, two-parent households enjoy higher income levels than 
single-parent ones, in which the parent (usually the mother) is working at least 
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one job and may be struggling financially (Vespa, Lewis, and Kreider, 2013).  
Families with a single female head-of-household are five times more likely to live 
in poverty than those with two married parents (DeNavas-Walt, Proctor, and 
Smith, 2013). 
Table 2.1: U.S. Families in Poverty (numbers in thousands), 
by Head-of-Household Status, 2012 
 
Families Total Number below 
poverty line 
Percent below 
poverty line 
Total 80,944 9,520 11.8% 
Married couple 59,224 3,705 6.3% 
Female head-of-
household, no 
husband present 
15,489 4,793 30.9% 
Male head-of-
household, no wife 
present 
6,231 1,023 16.4% 
    Source: DeNavas-Walt, Proctor, and Smith, U.S. Census Bureau, 2013. 
  Poverty threshold for single-parent household with two children was 
  $18,498 in 2012. 
 
 In addition to dealing with financial stress, single parents often have less 
time to spend with their children (Bianchi, 2000).  In a two-parent household 
where both parents work, the parents can divide the chores, such as cooking, 
cleaning, paying bills, and going to the grocery store.  However, in a one-parent 
household, the parent must hold a job to earn income, care for the children, and 
complete all of the chores herself.  Since single parents are left with less time to 
spend supervising their children, the television is more likely to serve as a 
babysitter by default (Lapierre, Piotrowski, and Linebarger, 2012).   
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 Unmarried parents who live separately must financially support 
themselves and their children with their two incomes.  Yet they are unable to take 
advantage of economies of scale that married parents enjoy, such as paying one 
mortgage instead of two.  As a result, income that could have been used to 
purchase enriching summer camps or educational games for children must be 
used to fund two separate residences.   
 In part because of these circumstances, children from single-parent 
households perform less well on standardized tests and experience more 
academic problems in school (Amato, 1994; Amato, 2001; Astone and 
McLanahan, 1994; Carlson and Corcoran, 2001; Clarke-Stewart, Vandell, 
McCartney, Owen, and Booth, 2000; Milne, Myers, Rosenthal, and Ginsburg, 
1986; Shriner, Mullis, and Shriner, 2010; Tillman, 2007).   Children of single 
parents are also more likely to exhibit behavior problems (Amato, 1994; Amato, 
2001; Carlson and Corcoran, 2001; Clarke-Stewart, Vandell, McCartney, Owen, 
and Booth, 2000; Dawson, 1991).  Due to the emotional trauma that often 
accompanies a divorce, higher levels of social and behavioral problems have 
been found in children of divorced parents specifically (Amato, 1994; Amato, 
2001; O'Connor, Caspi, DeFries, and Plomin, 2000). 
 Nevertheless, when socioeconomic status and parental education are 
controlled for, the effect of single parenthood has been found to be much smaller 
(Carlson and Corcoran, 2001; Lee and Burkham, 2002; Woessmann, 2015).  
Relative to married parents, unmarried ones disproportionately hold jobs with 
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lower wages and have attained fewer years of education (DeNavas-Walt, 
Proctor, and Smith, 2013; Sigle-Rushton and McLanahan, 2002).  Based on 
existing research, it makes sense to explore other factors, such as parental 
education, which may be the underlying causes of educational achievement 
gaps. 
  There is a broad base of research that highlights the strong influence of 
parental education on student achievement.  Throughout history, parents have 
taught their children their own strategies for survival and success.  Thus, parents 
who were successful in school are more adept at helping their children do well in 
this environment (Alexander, Entwisle, & Bedinger, 1994; Shannon and Bylsma, 
2002; Uhlenberg and Brown, 2002).  Parental education is significantly 
associated with parental expectations, which in turn influence achievement 
throughout a child’s academic career (Davis-Kean, 2005; Jacobs and Eccles, 
2000). 
 Although the education level of both parents affects their children’s 
progress in school, the level of education attained by the mother is particularly 
important, and is well-documented in the research (Bainbridge and Lasley, 2002; 
Carneiro, Meghir, and Parey, 2013; Sirin, 2005).  Maternal education is linked to 
increases in other positive attributes, such as income, probability of being 
married, age of the mother when the child is born, and education of the spouse 
(Carneiro, Meghir, and Parey, 2013; Plug, 2004; Walker, Greenwood, Hart, and 
Carta, 1994).   
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 The mother’s education influences how she interacts with her child, and 
the quality of these interactions drives a child’s attainment (Lugo-Gil, 2008).  
Maternal education has strong positive relationships with both emotional warmth 
and cognitive stimulation provided by the home environment (Benasich and 
Brooks-Gunn, 1996; Carneiro, Meghir, and Parey, 2013; Christian, Morrison, and 
Bryant, 1998; Magnuson, Sexton, Davis-Kean, and Huston, 2009; Raviv, 
Kessenich, and Morrison, 2004).   
 One aspect of the home environment that is heavily influenced by the 
education level of the parents is the amount of verbal stimulation that a child 
receives (Dollaghan, et al., 1999; Roe and Bronstein, 1988; Walker, Greenwood, 
Hart, and Carta, 1994).  By age four, professional parents have spoken 45 million 
words to their children, working-class parents 26 million words, and parents who 
receive welfare 13 million words (Hart and Risley, 2003).  There are strong 
associations between the number of words spoken to children by age four and 
vocabulary, language, and reading comprehension tests at ages nine and ten 
(Hart and Risley, 2003).   
 Differences in children’s verbal abilities are also due to the manner in 
which mothers talk to their children (Hart and Risley, 2003; Hoff, 2003).  Mothers 
of higher economic and educational backgrounds speak and read to their 
children more, ask more questions of their children, and use a wider range of 
vocabulary (Hoff-Ginsberg, 1998; Raikes et al., 2006; Tracey and Young, 2002).  
The complexity of a parent’s speech may be the most important factor in 
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influencing the sophistication of a child’s dialogue (Huttenlocher, Vasilyeva, 
Cymerman, and Levine, 2002).   
 In addition to being correlated with each other, the variables of income, 
maternal education, and marital status are inversely related to the probability of 
having a low-birthweight child (National Academies Press, 1985).  Low-
birthweight babies (< 2,500 grams or 5.5 pounds) are more likely to have lower 
intelligence quotient (IQ) scores than babies of normal birthweight (Aylward, 
2002; Aylward, 2005; Breslau, et al., 1994; Lagerstrom, Bremme, Eneroth, and 
Magnusson, 1991).  Babies who are classified as very low-birthweight (< 1,500 
grams or 3.3 pounds) have lower average IQ scores than those classified as low-
birthweight (Breslau, et al., 1994).   
 Low-birthweight babies may have increased difficulty with reading, 
spelling, or mathematics as they get older (Schneider, Wolke, Schlagmueller, 
and Meyer, 2004); learning disabilities among low-birthweight babies may be 
more prevalent in males than females (Johnson and Breslau, 2000).  Attention 
deficit hyperactivity disorder (ADHD) and difficulties with executive functioning 
have been found at higher levels in low-birthweight babies, which in turn can 
impact educational achievement (Aylward, 2002; Aylward, 2005).   
 Interventions and positive parenting practices have successfully impacted 
low-birthweight children.  For instance, higher levels of emotional warmth from 
mothers have been found to reduce the levels of ADHD found in low-birthweight 
children (Aylward, 2005).  Educational interventions have been more successful 
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in low-birthweight children than in very low-birthweight children (Brooks-Gunn, 
Gross, Kraemer, Spiker, and Shapiro, 1992; Wolke, 1998).  Children with very 
low birthweights in different countries may experience lower educational 
outcomes and higher levels of anxiety and depression (Hack, 2006).  
Nevertheless, although low-birthweight children may struggle in school, they can 
lead successful lives as adults and enjoy a comparable quality of life as children 
of normal birthweight (Hack, 2006; Saigal and Rosenbaum, 2007). 
 Besides income, maternal education, and marital status, other risk factors 
influence the birthweight of children.  These factors include race and the age of 
the mother (less than 17 or over 34) (National Academies Press, 1985).   
 In the U.S., Black mothers are at higher levels of risk for having low-
birthweight babies (Countinho, David, and Collins, 1997; Lu and Halfon, 2003; 
National Academies Press, 1985).  Even when controlling for socioeconomic 
status, this finding holds true, possibly because of stressors that Black women 
may have faced throughout their lives, even if these stressors are no longer 
present.  The amount and severity of chronic stress that a mother has 
experienced over her lifetime can raise the probability that the baby will be 
underweight (Lu and Halfon, 2003).  Finally, the weight classification of the 
mother when she was born correlates with that of her child (Countinho, David, 
and Collins, 1997; Hackman, Emanuel, Van Belle, and Daling, 1983; Klebanoff, 
Graubard, Kessel, and Berendes, 1984; Sanderson, Emanuel, and Holt, 1995). 
 Some research has documented the effects of prenatal care on more 
31 
 
 
beneficial birth outcomes.  Pregnant women who do not receive adequate health 
care advice are more likely to have a low birthweight child (Kogan, Alexander, 
Kotelchuck, and Nagey, 1994).  Prenatal care has been associated with higher 
birthweights in Whites and Blacks in the U.S. (Frank, Strobino, Salkever, and 
Jackson, 1993), and has been especially helpful for Black infants (Gortmaker, 
1978; Showstack, Budetti, and Minkler, 1984).  Investments in prenatal care save 
the health care system money by reducing the complications that occur once the 
baby is born (Gorsky and Colby, 1989).  Of course, improvements in overall, 
long-term health outcomes for low-income women would be better than solely 
increasing their access to prenatal care (Alexander and Korenbrot, 1995). 
 Children living in poverty are likely to possess other health problems at 
greater rates than their higher-income peers.  These health conditions include: 
poorer vision, poorer oral hygiene, more lead poisoning, more asthma, 
undernutrition, and more exposure to secondhand smoke (Brooks-Gunn and 
Duncan, 1997; Moorman, Zahran, Truman, and Molla, 2011; Murphy, 2010; 
Rothstein, 2004).  Furthermore, low-income children have less access to 
pediatric care and health insurance, making it harder for them to get treatment for 
these conditions (DeNavas-Walt, Proctor, and Smith, 2013; Rothstein, 2004).  
These health problems can hinder a child’s cognitive development and 
educational achievement, increase the likelihood of behavior problems, and 
reduce rates of school attendance (Currie, 2005; Meng, Babey, and Wolstein, 
2012; Newacheck and Halfon, 2000; Zhang, Baker, Tufts, Raymond, Salihu, and 
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Elliott, 2012). 
 As a whole, low-income Americans have less adequate access to health 
care; only 38% of the lowest income quartile had health coverage in 2012 
(Bureau of Labor Statistics, 2012).  Until the advent of the Affordable Care Act, 
the U.S. had been one of the few developed countries that have not attempted to 
implement universal health care (Stuckler, Feigl, Basu, and McKee, 2010).  Thus, 
many American children have attempted to succeed in school without having 
their physical needs fully met—something that occurs less often in many other 
OECD countries.  There is uncertainty about how much the Affordable Care Act 
will improve health care access for low-income families.  One critique claims that 
in 2024, ten years after the passage of the Affordable Care Act, 31 million people 
will still not have health insurance (The Heritage Foundation, 2014).  This 
dissertation will build on the existing literature by examining the association 
between the percentage of health care expenditures funded by governments in 
different countries (relative to their private sectors) and data on student test 
scores. 
 Another measure of access to health care is the adolescent fertility rate.  
On average, adolescents living in poverty are more likely to have out-of-wedlock 
births than adolescents from higher-income backgrounds (Corcoran, 1998; Gold, 
Kennedy, Connell, and Kawachi, 2002).  In turn, this leads to lower average 
educational outcomes for teenage mothers and their children, which can cause 
the cycle of poverty and adolescent pregnancy to continue across multiple 
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generations (Brooks-Gunn and Duncan, 1997; Corcoran, 1998).  For teenage 
mothers, higher rates of adolescent pregnancy correspond to lower educational 
attainment, employment outcomes, and marriage rates, making it preferable to 
prevent adolescent pregnancies through education and family planning services 
(Fielding and Williams, 1991; Klepinger, Lundberg, and Plotnick, 1995).   
 Even though the Affordable Care Act has attempted to reduce inequalities 
in access to health care, the U.S. continues to have one of the least generous 
maternity leave provisions of OECD countries (Organisation for Economic Co-
operation and Development, 2013a).  Since 1993, the U.S.’s Family and Medical 
Leave Act has guaranteed three months of unpaid leave for new mothers, while 
many of the other OECD countries have guaranteed paid maternity leave for a 
period of several months to one year.  As a result, there is tremendous pressure 
on American mothers to return to the workforce shortly after the baby is born.  
Maternity leave laws affect the majority of families in the U.S., given that in 2010, 
approximately two-thirds of mothers were employed (Vespa, Lewis, and Kreider, 
2013).  
 Paid maternity leave allows for babies to become emotionally attached to 
their mothers, and develop bonds that are critical for helping children feel secure 
and content (Ainsworth, 1970).  When temporarily separated from their mothers, 
infants experience stress (Ainsworth, 1970; Bowlby, 1982), but develop coping 
mechanisms after the separation occurs (Bowlby, 1982).   
 The wide range of outcomes in the literature regarding paid maternity 
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leave and educational achievement suggests inclusion of this variable in the 
dissertation.  Multiple U.S. studies claim that a mother’s returning to work shortly 
after a child’s birth does not affect overall cognitive outcomes (Huston and 
Aronson, 2005; James-Burdumy, 2005; Parcel and Menaghan, 1994).  Other 
studies from Europe and Canada show no meaningful effects corresponding with 
increases in the duration of paid maternity leave in different countries (Baker and 
Milligan, 2011; Danzer and Lavy, 2013; Dustmann and Schonberg, 2012; Liu and 
Skans, 2010; Rasmussen, 2010).  In some studies, greater improvements in 
educational achievement were made in children of highly educated mothers 
compared to children whose mothers had lower levels of education when the 
amount of paid maternity leave was increased (Danzer and Lavy, 2013; Liu and 
Skans, 2010). 
 However, several studies demonstrate lower cognitive test scores in 
children whose mothers return to work during the first year of their lives (Baum, 
2003; Brooks-Gunn, Han, and Waldfogel, 2002; Hill, Waldfogel, Brooks-Gunn, 
and Han, 2005).  The subset of these mothers who worked in occupations with 
irregular schedules were even more likely to have children with lower levels of 
cognitive and language development; many jobs with irregular schedules also 
pay low wages (Han, 2005).  Children experienced higher levels of behavior 
problems later in life when mothers returned to work less than a year after the 
children were born (Baydar and Brooks-Gunn, 1991; Han, Waldfogel, and 
Brooks-Gunn, 2001).  Countries with broader support for family-friendly policies, 
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such as paid maternity leave, are better able to equalize the gap in resources 
and achievement between children of single-parent and two-parent households 
(Pong, Dronkers, and Hampden-Thompson, 2003). 
 Increased maternity leave in Norway beginning in 1977 reduced the high 
school dropout rate among a given cohort of children by 2.7%, and by 5.2% in 
the children of mothers with low levels of education (Carneiro, Loken, and 
Salvanes, 2010).  Although critics argue that paid maternity leave detracts from a 
nation’s economic growth, paid maternity leave did not hinder economic gains in 
a group of highly competitive countries1 (Earle, Mokomane, and Heymann, 
2011).   
 Additional maternity leave provisions promote higher rates of child survival 
during the early years.  Maternal leave provisions (paid and unpaid) reduced the 
death rates among children in Europe, Japan, and the U.S. (Rossin, 2011; 
Ruhm, 2000; Tanaka, 2005).  The 1993 Family and Medical Leave Act was 
associated with decreased percentages of low-birthweight babies in the U.S. 
(Rossin, 2011).   
 This half of the literature review has outlined the research documenting 
the effects of economic inequality upon educational inequality through family 
background characteristics and the home environment.  The second half of the 
literature review will explore another side of the same dimension—how economic 
inequality creates educational inequality through different schooling experiences.  
                                            
1
  Australia, Austria, Canada, Denmark, Finland, Germany, Iceland, Japan, Netherlands, Norway,  
  Singapore, Sweden, Switzerland, and the United Kingdom. 
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In turn, inequality in educational outcomes among children leads to future 
economic inequality when these children become adults. 
   
How Inequalities in School Environments Cause Disparities in Educational 
Outcomes 
 
 The second half of the literature review will consider educational 
inequalities that are present in the U.S. from preschool to high school, and the 
ways that these disparities are rooted in economic inequality.  This topic consists 
of several aspects: 1) educational attainment’s strong relationship with future 
income; 2) the influence of preschool on cognitive development; 3) how the 
location of schools and funding mechanisms create supportive or problematic 
school climates; and 4) disparities in curriculum and instruction at the K–12 level. 
 
Educational Attainment’s Strong Relationship With Income 
 As shown in the table below, higher levels of educational attainment enjoy 
strong positive correlations with income and negative associations with 
unemployment rates. 
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Table 2.2: Educational Attainment, Unemployment Rates, and 
Median Weekly Earnings, 2014 
 
Education Attained Unemployment 
Rates 
Median Weekly 
Earnings 
Doctoral degree 2.1% $1,591 
Professional degree 1.9% $1,639 
Master’s degree 2.8% $1,326 
Bachelor’s degree 3.5% $1,101 
Associate’s degree 4.5% $792 
Some college, no degree 6.0% $741 
High school degree 6.0% $668 
Less than a high school 
degree 
9.0% $488 
 Source: U.S. Bureau of Labor Statistics, 2014. 
 
 There are large differences in income between people who have earned a 
bachelor’s degree or a higher degree compared with individuals who have not.  
Much of the increase in U.S. income inequality after 1980 has been due to the 
increased premium for workers with advanced degrees (Autor, 2014).  If students 
from low-income backgrounds have reduced access to college, their future 
incomes will be significantly lower than students who have attended college.  
Thus, the inequality of access to college education helps perpetuate income 
inequality in future generations.  The table below shows that young adults from 
higher income quartiles are much more likely to enter and complete college, 
partly because their families are able to financially support more of the cost of 
their college education (Thayer, 2000). 
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Table 2.3: College Entry and Completion, and 
Average Net Price of College as Percent of Family Income 
 
Income Quartile Percentage of 
Students 
Entering 
College 
(1979 to 1982 birth 
cohorts)
1 
Percentage of 
Students 
Completing 
College 
(1979 to 1982 birth 
cohorts)
1 
Average Net 
Price of College 
as % of Family 
Income, 20122 
Top Quartile  80% 54% 15% 
Third Quartile  60% 32% 25% 
Second Quartile  47% 21% 35% 
Lowest Quartile  29% 9% 84% 
1 Source: Bailey and Dynarski, 2011, pp. 120–121. 
2 Source: The Pell Institute, 2015, p. 27.  Note: Net price equals the price of 
attendance minus grants and scholarships.  
 
 Disparities in college graduation rates may also be caused by differences 
in academic preparation, which result from inequalities in both home 
environments and the PreK–12 educational system (Bailey and Dynarski, 2011; 
Thayer, 2000).  Since income inequality and other socioeconomic variables that 
affect home environments have been described earlier, the next part of the 
literature review will discuss how differences in preschool and K–12 educational 
systems affect academic achievement, which then contribute to future 
differences in earnings. 
 
Preschool Participation and Its Influence on Cognitive Development  
 Since much of a child’s brain development occurs before the age of five, 
intellectual activities during the early years stimulate successful learning in later 
years (Nelson and Sheridan, 2011).  Children who attend preschool may have 
greater access to this intellectual stimulation, and preschool attendance is linked 
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to higher cognitive scores (Bainbridge, Meyers, Tanaka, and Waldfogel, 2005; 
Barnett, 1995; Camilli, Vargas, Ryan, and Barnett, 2010; Gormley, Gayer, 
Phillips, and Dawson, 2005; Magnuson, Meyers, Ruhm, and Waldfogel, 2004; 
Magnuson, Meyers, Ruhm, and Waldfogel, 2005; Rothstein, 2004).  Despite the 
millions of children who have attended Head Start, higher-income children are 
more likely to attend preschool (Bainbridge, Meyers, Tanaka, and Waldfogel, 
2005).   
 As a result of these disparities during the preschool years, many low-
income children enter kindergarten developmentally behind their higher-income 
peers (Bainbridge, Meyers, Tanaka, and Waldfogel, 2005; Neumann, 2006; 
Vandell, Belsky, Burchinal, Steinberg, Vandergrift, and NICHD Early Child Care 
Research Network, 2010).  Achievement gaps are evident at three to four years 
of age (Haskins and Rouse, 2005); elementary schools are blamed for gaps that 
already exist when children enter kindergarten (Rouse, Brooks-Gunn, and 
McLanahan, 2005).   
 Although universal preschool systems have been shown to reduce 
achievement gaps across countries (Schutz, Ursprung, and Woessmann, 2008), 
it is high-quality preschools that are more likely to achieve meaningful 
improvements in children (Cote, Doyle, Petitclerc, and Timmins, 2013; Haskins 
and Rouse, 2005; Loeb, Fuller, Kagan, & Carrol, 2004; Love, et al. 2005; 
Rothstein, 2004; Vandell, Belsky, Burchinal, Steinberg, Vandergrift, and NICHD 
Early Child Care Research Network, 2010).  Cognitive gains from Early Head 
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Start (EHS) and Head Start (HS) are smaller than those in widely renowned 
programs such as Abecederian and Perry; gains from EHS and HS often 
diminish after kindergarten (Barnett, 2011).  Nevertheless, the gains 
demonstrated by EHS and HS are important, and children who attended EHS 
and HS had higher academic skills than low-income children who did not attend 
these programs (Zhai, Waldfogel and Brooks-Gunn, 2013).  Studies differ on the 
extent of cognitive gains and how long these gains are maintained, due to the 
difficulty of conducting longitudinal research and the many different preschool 
experiences children have (Barnett, 1995; Magnuson, Meyers, Ruhm, and 
Waldfogel, 2004; Murphy, 2010).  If educational interventions continue during the 
first few years of elementary school, cognitive gains may last longer (Reynolds 
and Temple, 1998).   
 There are several potential explanations for lower outcomes among EHS 
and HS students compared with students who attended Abecederian and Perry, 
including: 1) large-scale preschool programs are more difficult to implement than 
smaller ones; 2) the elementary schools associated with EHS and HS students 
are less adept at maintaining gains from preschool than the elementary schools 
associated with Abecederian and Perry, and; 3) lower qualifications and pay for 
EHS and HS teachers (Barnett, 2011).   
 The benefit-cost ratios when children attend excellent preschools are 
substantial, often generating a return that is several times the cost of preschool, 
in the form of educational and societal gains (Karoly, Kilburn, and Cannon, 
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2006).  There are strong links between the environment for young children and 
overall outcomes later in life, such as being in good health, earning higher wages 
and educational attainment, and avoiding criminal activity (Engle et al., 2011; 
Heckman, 2008; Nores, Belfield, Barnett, and Schweinhart, 2005).   
 Although high-quality early childhood programs have created meaningful 
improvements in low-income children, scientific measures for assessing 
preschool quality are lacking (Loeb, Fuller, Kagan, & Carrol, 2004).  Increased 
funding for programs such as Head Start is needed to adequately pay, train, and 
keep preschool teachers, and ensure that the curriculum is aligned with the 
public schools (Haskins and Rouse, 2005; Lee and Burkham, 2002).  The gains 
made by center-based preschools are better documented and are often higher 
than the ones made by in-home preschools (Cote, Doyle, Petitclerc, and 
Timmins, 2013; Lee and Burkham, 2002; Magnuson, Meyers, Ruhm, and 
Waldfogel, 2004; National Institute of Child Health and Human Development 
Early Child Care Research Network, 2000; National Institute of Child Health and 
Human Development Early Child Care and Duncan, 2003).   
 Preschool programs that incorporate a parent component have proven 
useful for low-income families.  By educating parents, preschools provide them 
with the tools needed to be effective teachers to their children at home and 
reinforce the curriculum taught in school (Brooks-Gunn and Markman, 2005; 
Love et al., 2005).  Improved parenting practices include talking and reading 
more with their children, and spanking less; the biggest gains in Early Head Start 
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accrue from center-based care that incorporates home visits (Love et al., 2005). 
 Although the research supporting high-quality preschool for low-income 
children is substantial, families need steady income throughout their children’s 
lives if they want gains from these early childhood interventions to be maintained 
(Cunha and Heckman, 2010).  Early childhood educational interventions have 
been successful across countries, and are cost-efficient ways of improving 
children’s cognitive development (Heckman, 2012; Nores and Barnett, 2010).  
Despite the documented importance of early childhood programs, the U.S. ranks 
25th among OECD countries in terms of percentage of GDP spent on early 
learning (U.S. Department of Education, 2013).  The relative lack of funding in 
the U.S. for early childhood interventions compounds the dire economic 
circumstances faced by many families.  Unequal access to high-quality preschool 
programs is compounded by disparities in resources at the K–12 level. 
 
Location of Schools and Funding Mechanisms Influence School Climates 
 Disparities in resources in the K–12 educational system are caused by the 
funding mechanisms that are currently employed.  Overall in the U.S., local 
funding accounts for 44.6% of revenues in public elementary and secondary 
schools, with a wide range of variation among states.  The box-and-whisker plot 
on the next page shows the variation of states in regard to the percentage of 
elementary and secondary school funds that are generated from local revenues.   
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Figure 2.1: Percentage of Elementary and Secondary School Funds 
From Local Revenues, 2011–2012 
 
 
Table 2.4: Percentage of Elementary and Secondary School Funds 
From Local Revenues, 2011–2012 
Statistical Measure Percentage of Funds 
From Local Revenues 
Minimum 2.2% 
Q1 32.1% 
Median / Q2 40.8% 
Q3 52.7% 
Maximum 59.6% 
 Source: U.S. Department of Education, 2014. 
 In the U.S., children who attend public school traditionally attend a school 
in their town or city, sometimes in close proximity to their neighborhood.  As a 
result, there is a high correlation between the economic classification of a child’s 
residence and school resources (Biddle, 2014; Lee and Burkham, 2002; 
0
 
1
0
%
 
2
0
%
 
4
0
%
 
6
0
%
 
3
0
%
 
5
0
%
 
44 
 
 
Mickelson, 2003), since schools are heavily dependent on local revenues, 
especially property taxes, for funding (Garda, 2007, U.S. Department of 
Education, 2014).  Increased income inequality has caused neighborhoods, and 
therefore schools, to become even more segregated by socioeconomic status 
and race: by definition, low-income schools contain higher numbers of low-
income students, with similar logic applying to middle- and high-income schools 
(Burdick-Will, Ludwig, Raudenbush, Sampson, Sanbonmatsu, and Sharkey, 
2011).  Even though certain state and federal funding programs are earmarked 
for low-income and minority students, these programs do not rectify disparities in 
funding at the local level, nor do they provide sufficient resources to truly meet 
the needs of disadvantaged populations (Lee and Burkham, 2002; Mathis, 2003; 
Murphy, 2010; Spatig-Amerikaner, 2012).  Some studies suggest that figuring out 
how to better allocate school resources is more important than absolute spending 
on schools (Hanushek, 1994; Hanushek, 2003), while other studies find that 
higher levels of overall spending correlate with increased academic achievement 
in schools (Condron and Roscigno, 2003; Greenwald, Hedges, and Laine, 1996; 
Jackson, Johnson, and Persico, 2015).   
 Although No Child Left Behind (NCLB) intended to close the achievement 
gap between different income groups, NCLB did not rectify the problem of 
unequal school funding that contributes to this gap (Darling-Hammond, 2007).  
Schools serving impoverished students can experience difficulty in recruiting 
teachers, who are more apt to apply to schools with more resources (Engel, 
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Jacob, and Curran, 2014).  These resources include better facilities, computers, 
textbooks and other learning materials, and greater numbers of non-instructional 
personnel, such as nurses, guidance counselors and social workers (Biddle, 
2014).  Additional resources help meet the educational and socioemotional 
needs of children; children who are more engaged and invested in school are 
less likely to drop out or become pregnant as teenagers (Kirby, 2002; Manlove, 
1998; Ream and Rumberger, 2008).  The overall quality of a school has a 
moderate effect on separate outcome measures, such as rates of high-school 
graduation and college entry, as well as future permanent wage rates; however, 
when these separate effects are combined in a population of students, the effects 
are more substantial (Altonji and Mansfield, 2011). 
  What separates low-income schools from more affluent ones is not just 
the disparity in resources, but also the socioeconomic makeup of the children in 
these schools.  As described previously, low-income children face greater out-of-
school obstacles, and have lower average cognitive skill levels than their higher-
income peers upon entering kindergarten.  Thus, a hypothetical low-income 
student at a higher-income school is more likely to be surrounded by peers who 
can help this student learn the material; if this same student attended a low-
income school, peers would be less able to assist this student.  Peers strongly 
influence the achievement, motivation, and behavior of individual students and 
groups of students; the peer group effect has been demonstrated in numerous 
studies (Caldas and Bankston, 1997; Chen, 1997; Hanushek, Kain, Markman, 
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and Rivkin, 2003; Hoxby, 2002; Johnson, Howley, and Howley, 2002; Johnson, 
2000; Ryan, 2001).  Thus, low-income schools disadvantage students’ learning 
not just because of a lack of resources, but because of the peer group effects 
that arise due to the socioeconomic makeup of the students.  
 The lack of school resources and the out-of-school obstacles for students 
in low-income schools can create school cultures that hinder learning.  Family 
incomes are inversely associated with social, attentional, and aggressive 
behavior problems in children while in school (Hill, et al., 2004).  Students in low-
income schools feel less safe due to the increased presence of gangs (Barton, 
2003).  In an attempt to maintain order in schools, teachers and administrators 
discipline students who are low-income, Black, Latino, and American Indian more 
frequently and harshly than students who are high-income, White, or Asian; 
school suspensions can harm the academic achievement and self-confidence of 
students from these groups (Gregory, Skiba, and Noguera, 2010; Losen, 2011; 
Mangino, 2013; Perry, 2003). 
 Student mobility disproportionately affects low-income and minority 
students in urban areas (de la Torre and Gwynne, 2009; Hanushek, Kain, and 
Rivkin, 2004; Raudenbush, Jean, and Art, 2011).  High-mobility students 
experience lower academic achievement (Wood, Halfon, Scarlatta, Newacheck, 
and Nessim, 1993; Rumberger and Larson, 1998), with the cumulative negative 
effects of multiple moves dwarfing the effect of any single move (Raudenbush, 
Jean, and Art, 2011; Temple and Reynolds, 1999).  High mobility rates in a 
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school hamper effective instruction for all students because teachers must 
balance the instructional needs of new students with the needs of current 
students (Kerbow, 1996).  Due to the time and energy required to help new 
students, teachers and administrators have less capacity to improve the quality 
of the school (Bourque, 2008; Horng, Klasik, and Loeb, 2010; Kerbow, 1996). 
 All of the obstacles mentioned in this section can thwart efforts to build 
supportive school climates.  Furthermore, these obstacles make it more difficult 
for these schools to find qualified teachers and implement a rigorous curriculum. 
 
Disparities in Curriculum and Instruction at the K–12 Level 
 Compared to schools in more affluent neighborhoods, low-income schools 
face supply constraints in terms of hiring teachers, since many teachers do not 
want to teach in under resourced schools.  Research has shown that teachers 
prefer to teach in schools with higher-achieving students, lower percentages of 
Black and Latino students, and that are located in higher-income neighborhoods 
with more stores and less crime (Boyd, Lankford, Loeb, Ronfeldt, and Wyckoff, 
2011; Loeb, Darling-Hammond, and Luczak, 2005).  Since more affluent schools 
are better positioned to hire stronger teachers, low-income schools contain a 
higher proportion of novice and inexperienced teachers (Clotfelter, Ladd, Vigdor, 
and Wheeler, 2006; Haycock, 2001; Hanushek, Kain, O’Brien, and Rivkin, 2005; 
Lee and Burkham, 2002) who are less likely to be fully qualified or licensed 
(Clotfelter, Ladd, Vigdor, and Wheeler, 2006; Darling-Hammond, 2004; Haycock, 
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2001).  The disparity in qualifications among teachers in high- and low-income 
schools holds particular importance given the transformative impact of excellent 
teachers on student achievement (Rivkin, Hanushek, and Kain, 2005; Saunders 
and Rivers, 1996).   
 Due to a lack of resources and lower levels of academic achievement 
among students, there is a higher rate of teacher turnover in disadvantaged 
schools, which further promotes educational inequality.  Although Hanushek and 
Rivkin, 2010 suggest that such turnover has a limited effect on students and 
schools, their quantitative approach fails to account for the harmful effects 
teacher turnover has on several aspects of school functioning and improvement, 
including: collegiality among faculty, institutional knowledge, implementation of 
professional development programs, and trust among teachers and students 
(Bryk and Schneider, 2003; Guin, 2004; Ronfeldt, Lankford, Loeb, and Wyckoff, 
2013).  This mutual trust is particularly important, since societal income inequality 
can erode the trust held by low-income citizens toward others (Elgar, 2010; Oishi, 
Kesebir, and Diener, 2011). 
 Some educational practices in schools and classrooms promote, rather 
than reduce, achievement gaps.  In comparing schools of different 
socioeconomic backgrounds, low-income schools with higher proportions of 
Black and Latino students tend to offer curriculum that is less demanding 
(Attewell and Domina, 2008; Haycock, 2001; Ochoa and Jerjis, 1996; 
Raudenbush, Fotiu, and Cheong, 1998).   
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 Within schools, the practice of grouping students by ability has been 
shown to increase educational inequality (Hanushek and Woessmann, 2006), 
which also leads to future discrepancies in employment and wages across 
countries (Brunello and Checchi, 2007).  Because children from low-income, 
Black, and Latino backgrounds, on average, begin kindergarten with lower levels 
of academic skills and more behavioral issues, they are placed in lower-ability 
tracks that contain a less rigorous curriculum, which further hinders their 
achievement (Attewell and Domina, 2008; Biddle, 2014; Farkas, 2003; Gamoran, 
Porter, Smithson, and White, 1997).  Instruction in lower-ability classroom tracks 
is more likely to consist of simple questioning, worksheets, and tasks designed to 
keep disruptive children quiet (Good, 1987; Shannon and Bylsma, 2002).  
Teaching that lacks intellectual rigor depresses both teachers’ and students’ 
expectations for students’ learning, which can perpetuate a cycle of low 
achievement (Ferguson, 1998; Good, 1987; Perry, 2003).   
 Each of the factors that contributes to disparities in curriculum and 
instruction are caused by economic inequality and imbalances in educational 
spending.  By viewing the relationship between economic inequality and 
educational inequality as both bidirectional and causal, this literature review has 
highlighted numerous variables that affect one or both of these constructs.  The 
aims, research questions, and variables in this dissertation are informed by the 
review of the literature, with the availability of socioeconomic and educational 
measures across OECD nations factoring into the selection of the variables. 
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Statement of Hypotheses and Rationale 
 Poverty and income inequality beget low academic achievement among 
certain subgroups through their influences on the home and school environments 
of children.  Educational achievement gaps at the K–12 level lead to differences 
in highest educational attainment among subgroups, which in turn, contribute to 
future income disparities when children become employed as adults.  To test for 
the existence of meaningful relationships between out-of-school socioeconomic 
variables and academic achievement, several research questions will be 
considered.  The rationale for the hypotheses to the research questions comes 
from the literature review, previous coursework, discussions with students and 
professors at Boston University, and several years teaching and observing 
different classrooms and schools.  
 
 Research Question #1: To what extent is income inequality associated 
with average reading achievement in fourth grade, and average mathematics and 
science achievement in fourth and eighth grades across countries?   
 Hypothesis: Based on the literature, I believe that there will be a slight 
negative relationship between income inequality and average test scores across 
countries. 
 
 Research Question #2: To what extent is income inequality associated 
with test score inequality across countries? 
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 Hypothesis: I predict that income inequality will have a positive 
relationship with test score inequality across countries.  I think that the 
association between income inequality and inequality of test scores will be 
stronger than the association between income inequality and average test 
scores.  
 
 Research Question #3: What other economic measures correlate with 
reading, mathematics, and science achievement across countries?   
 Hypothesis: There are well-documented relationships among several 
variables and average test scores.  Based on the literature, I believe that the 
percentage of low-birthweight babies will have a negative association with 
average scores but a positive association with test score inequality.  Parental 
education, in particular maternal education, will have a positive association with 
average test scores.  Higher levels of inequality in maternal education may be 
associated with greater test score inequality; however, there is substantial 
uncertainty about this prediction.    
  I predict that paid maternity leave and preschool participation will not 
have meaningful associations with average test scores, but would have negative 
associations with test score inequality.  Preschool participation would hold 
greater importance for low-income children, given the lower levels of verbal 
stimulation they may get at home compared to children from higher-income 
families. 
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 When families enjoy access to good medical care, they are better able to 
support the healthy development of children.  However, possible measures of 
health care access in OECD countries, such as the percentage of health care 
expenditures funded by the government, are broad enough that they may not 
prove significant.  Also, the countries in this study are OECD countries, making 
gaps in access less salient.  Finally, I believe that adolescent fertility rates will be 
inversely correlated with average test scores, because higher rates correspond 
with lower levels of maternal education for these mothers and an increased risk 
of having low-birthweight babies.  A disproportionate number of adolescent 
mothers are also from low-income backgrounds.  Most likely, adolescent fertility 
rates will hold a positive correlation with inequality of test scores, based on 
potential associations with other socioeconomic variables. 
 
 Research Question #4: Given the importance of mothers to their children’s 
education, what relationship does gender inequality (as measured by the United 
Nations’ Gender Inequality Index) have with student achievement in reading, 
mathematics, and science?  What is the relationship between measures of 
economic inequality and gender inequality? 
 Hypothesis: I believe that gender inequality will have positive associations 
with  both income inequality and test score inequality.  Similar to my hypothesis 
for question #1 (income inequality and average test scores), I think that there will 
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be a weak negative relationship between measures of gender inequality and 
average test scores.   
 
 The methods chapter of the dissertation will elaborate on the variables 
that will be tested and the procedures that will be used.  
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CHAPTER 3: METHODOLOGY  
Introduction 
 This study systematically explores the relationships between 
socioeconomic variables and PIRLS and TIMSS test scores in grades 4 and 8 
among twenty-eight OECD countries.  By using bivariate correlations, 
accompanying tests of statistical significance, and graphical displays of data, this 
study analyzes critical patterns within the dataset that can inform U.S. 
educational policy.  Best practices from two high-performing countries, and the 
challenges of applying these practices in the U.S., will be discussed.   
 The chart below provides an overview of the different economic and social 
measures in this study that will be used to test the research hypotheses.   
Figure 3.1: Classification of Study Variables  
Economic 
and social 
measures 
 
 
 
 
 
 
 
Educational 
outcomes 
  
Measures of inequality 
- Gini coefficient 
- Gender Inequality 
 Index 
Parental characteristics 
- Maternal education 
Average test 
scores 
Inequality of test 
scores 
Children’s Pre-K 
experiences 
- Low-birthweight babies 
- Paid maternity leave 
- Preschool participation 
GDP variables 
- GDP per capita 
- % GDP government 
spends on family 
services / childcare 
Health care access 
- % of health care funded 
 by government 
- Adolescent fertility rates 
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 The remainder of this chapter will elaborate on the methodology that is 
used in this research.  First, the chapter will describe the sampling, content 
creation, and benchmarking approaches that the TIMSS and PIRLS International 
Study Center at Boston College utilize to collect PIRLS and TIMSS data from 
students around the world.  Strengths and limitations of other large-scale 
databases that furnish data for the socioeconomic variables in this study will be 
discussed.  Next, each of the independent variables in the diagram on the 
previous page will be defined.  Relevant studies from the literature will be 
provided to justify the methodology and use of two critical variables, the Gini 
coefficient and the Gender Inequality Index.  The classifications and levels for all 
variables will be stated.  The final section of this chapter explains the procedures 
for analyzing the data in this study. 
 
Databases in the Study 
PIRLS and TIMSS International Databases 
 This study examines current associations between socioeconomic 
variables and academic achievement, as measured by 2011 scores on large-
scale international tests.  The PIRLS is the test for fourth-grade reading, and the 
TIMSS is the test for fourth- and eighth-grade math and science.  The TIMSS 
and PIRLS International Study Center at Boston College manages the entire 
testing process, including test design, sampling, administration, data collection, 
and dissemination.  TIMSS assessments have been given in 1995, 1999, 2003, 
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2007, and 2011 (every four years), and PIRLS has been administered in 2001, 
2006, and 2011 (every five years).  2011 was unique, in that both PIRLS and 
TIMSS were given during the same year.  Both PIRLS and TIMSS have gone 
through multiple iterations that have improved the process every cycle.  Data 
from the PIRLS and TIMSS are widely cited in the literature, and these large-
scale assessments are commonly accepted measures of academic achievement 
for countries around the world. 
 
- School and student sampling in PIRLS and TIMSS 
 Since it is not feasible to administer the PIRLS and TIMSS to every 
student in each participating country, it is necessary to select an appropriate 
sample of schools and students in these countries.  General sampling 
requirements for a country can be met with approximately 4,000 students and 
150 schools; however, these figures can vary depending on the size of the 
country (Joncas and Foy, 2012).  From the data, each country has at least 3,000 
students who take the PIRLS or TIMSS (Mullis, Martin, Foy, and Drucker, 2012; 
Mullis, Martin, Foy, and Arora, 2012). 
 The sampling approach consists of a multi-stage stratified cluster design.  
Schools are grouped into different segments, to ensure that sufficient numbers of 
schools from each segment, e.g. economically disadvantaged, are selected.  
Each school is given a sampling weight proportional to its number of students; a 
school with 1,000 students is ten times more likely to be selected than one with 
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100 students.  A random sample of schools within each strata is then chosen 
(Foy, 2012).  For each selected school, two replacement schools are held in 
reserve in case one of the originally selected schools declines to participate 
(Joncas and Foy, 2012).  Within a school, a random sample of classes are 
selected (Foy, 2012).  If a class within a school declines to participate, no 
replacement classes are selected; hopefully, this discourages schools from 
having their struggling classes opt out of the test (Martin and Mullis, 2012). 
 No matter how rigorous and thorough the sampling procedure, 
nonresponse bias poses a threat to validity (Foy, 2012).  To combat this problem, 
the TIMSS and PIRLS International Study Center requires that all national 
samples contain: 
A minimum school participation rate of 85%, based on originally sampled schools; 
AND a minimum classroom participation rate of 95%, from originally sampled 
schools and replacement schools; AND a minimum student participation rate of 
85%, from sampled schools and replacement schools; OR a minimum combined 
school, classroom and student participation rate of 75%, based on originally 
sampled schools (although classroom and student participation rates may include 
replacement schools) (Joncas and Foy, 2012, p.8). 
 
 Strict quality controls are maintained throughout the sampling process, to 
try to prevent countries from manipulating the system to inflate their scores. 
 
- Content creation of test questions 
 Reading, math, and science test questions are designed by a committee 
of educational experts, and are reviewed by national research coordinators to 
make sure the questions accurately assess students’ knowledge of particular 
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subjects (Mullis, Drucker, Preuschoff, Arora, and Stanco, 2012).  Both multiple 
choice and constructed-response items are included in each test.  Questions are 
designed to be free from cultural or national biases; for example, math problems 
involving money express currencies using imaginary units of “zeds” which do not 
belong to any country. 
 The PIRLS contains two reading passages, one of them informational, 
with the other being more literary in nature.  Students are given forty minutes to 
read each passage and complete questions corresponding to the passage.  
Questions assess both a student’s ability to recall details from the passage and 
make inferences regarding what has been read (Mullis, Martin, Kennedy, Trong, 
& Sainsbury, 2009).  The focus of the PIRLS is assessing a student’s reading 
comprehension, rather than knowledge of any specific literary work. 
 Questions for the TIMSS are designed to measure students’ capabilities in 
content and cognitive domains.  Below is a table outlining the percentage of 
questions that assess content and cognitive domains in each subject. 
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Table 3.1: Content Areas and Cognitive Domains in Mathematics 
and Science Tests (2011 TIMSS) 
 
Fourth-Grade Mathematics 
Content Area Percentage  Cognitive 
Domain 
Percentage 
Number 50%  Knowing 40% 
Geometric Shapes and 
Measures 
35%  Applying 40% 
Data Display 15%  Reasoning 20% 
 
Eighth-Grade Mathematics 
Content Area Percentage  Cognitive 
Domain 
Percentage 
Number 30%  Knowing 35% 
Algebra 30%  Applying 40% 
Geometry 20%  Reasoning 25% 
Data and Chance 20%    
Source: Mullis, Martin, Ruddock, O'Sullivan, and Preuschoff, 2009, p.20. 
Fourth-Grade Science 
Content Area Percentage  Cognitive 
Domain 
Percentage 
Life Science  45%  Knowing 40% 
Physical Science 35%  Applying 40% 
Earth Science 20%  Reasoning 20% 
 
Eighth-Grade Science 
Content Area Percentage  Cognitive 
Domain 
Percentage 
Biology 35%  Knowing 35% 
Chemistry 20%  Applying 35% 
Physics 25%  Reasoning 30% 
Earth Science  20%    
Source: Mullis, Martin, Ruddock, O'Sullivan, and Preuschoff, 2009, p.50. 
 Although improvements in the tests are made from year to year, the 
general content and aims remain the same, so that trends over time can be 
examined. 
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- Sampling of test questions and scoring benchmarks 
 Item response theory is used to select questions that differentiate among 
student achievement levels.  If there are too many easy or hard questions, 
students with different amounts of knowledge will have similar scores, which 
prevents meaningful conclusions from being drawn from the data.  Item response 
theory allows for curriculum questions to be linked with demographic questions, 
to ensure that test material is not biased toward a certain group in any way 
(Mullis, Martin, Ruddock, O’Sullivan, and Preuschoff, 2009).  Background 
questionnaires are given to school administrators, parents, teachers, and 
students to provide a context for students’ educational experiences prior to the 
standardized tests.  Data from these questionnaires then inform future research 
and educational policies (Mullis and Martin, 2012).  Both achievement and 
background questions are field tested extensively prior to their adoption in the 
final assessments. 
 A system of matrix sampling and balanced incomplete block design is 
used to create different test booklets.  In the 2011 PIRLS, there were 12 different 
booklets, while the 2011 TIMSS utilized 14 booklets.  Each booklet contains a 
representative sample of questions, with some questions overlapping across 
different booklets (Mullis, Martin, Ruddock, O’Sullivan, and Preuschoff, 2009).  
To create an overall score for a country, item response theory accounts for the 
difficulty of each question and whether students answered the questions 
correctly.  Computer software uses this information to calculate plausible 
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values—or probable scores for groups of students with similar responses and 
background characteristics.  These plausible values are then combined using a 
mathematical algorithm to create scores of subgroups within a country, and 
overall country scores.  However, this system does not compute accurate scores 
of individual students, so that is one reason the PIRLS and TIMSS cannot be 
used as tools to assess students individually (Yamamoto and Kulick, 2012).  This 
set of procedures is used to help ensure the validity of test scores while not 
requiring students to complete an unreasonable number of test questions.  The 
test scores for PIRLS and TIMSS are scaled so that the average is 500 and the 
standard deviation is 100. 
 Detailed scoring guidelines are given to graders of open-response 
questions, to ensure that standardized grading procedures are employed across 
all countries.  Graders receive training and practice with sample student essays, 
and monitors continuously verify that the graders’ scores are reliable 
(Johansone, 2011).   
 
Organisation for Economic Co-operation and Development Databases 
  The Organisation for Economic Co-operation and Development’s 
statistical branch works closely with statistical organizations of member countries 
to collect high-quality, accurate data that can be used by researchers and 
policymakers worldwide.  Since the accuracy of OECD statistics largely depends 
on the work of national statistical organizations, the OECD closely collaborates 
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with these entities to ensure proper procedures are followed, such as member 
checking, verifying responses to questionnaires, and reconciling disparities with 
national publications (Organisation for Economic Co-operation and Development, 
2012).  The OECD is committed to publishing all available data and statistics, 
even if they reflect negatively on certain countries (Organisation for Economic 
Co-operation and Development, 2012).  In other words, the OECD statistical 
agency resists political pressure, attempting to be an impartial conduit of 
information.  Internally, OECD Statistics conducts regular quality assessments of 
its own processes, to make sure that the best possible data are made available 
to the public in a timely fashion.  With a 2014 budget of 357 million Euros, the 
OECD is a reputable international organization; it would be hard to find a better 
source for cross-country statistics. 
 As with many studies, data are not available for all variables and all 
subjects.  Turkey does not have data on the percentage of GDP its government 
spends on family services or childcare.  For the rest of the countries under 
consideration, data are available for the independent variables in the study. 
 
United Nations Databases 
 The United Nations (UN) contains several organizations that maintain 
databases with international comparative data.  UN organizations in this study 
include the United Nations Development Programme (UNDP) and the World 
Health Organization (WHO).  The UNDP aims to increase socioeconomic 
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development around the world, while the WHO focuses on improving global 
health.  Like the OECD, the UNDP and WHO rely on national statistical agencies 
for data collection.  In addition, these organizations rely on demographic and 
socioeconomic information from other UN databases (World Health Organization, 
2013).  The UN is a reputable organization that is committed to providing high-
quality information so that policymakers can make the best possible decisions. 
 
Barro-Lee Database 
 This database contains information on education for women 25 years of 
age and older in different countries, which will be used as a proxy for maternal 
education.  Two economics professors, Robert Barro of Harvard University, and 
Lee Jong-Wha of Korea University, have been compiling this data from multiple 
sources.  Before the most recent data were published in 2010, previous versions 
of the data were collected in 1993, 1996, and 2001.  The 2010 data were 
published in the Journal of Development Economics (April, 2010).  Information 
from this database comes from national censuses and surveys, the United 
Nations Educational, Scientific, and Cultural Organization (UNESCO), Eurostat, 
and other reputable sources.  Regarding maternal education, the Barro-Lee 
dataset may be more useful than data from background questionnaires in the 
PIRLS and TIMSS.  In the 4th grade PIRLS, information about parents’ education 
or occupation was not collected from England or the U.S.  Additionally, eight 
other countries had substantial numbers of missing responses (15%–50%) for 
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these questions.   
 In the 4th grade TIMSS, the home questionnaire asked parents to state 
their highest level of education.  However, 10 countries did not administer the 
home questionnaire for the 4th grade TIMSS, and thus do not have available 
data: Belgium, Chile, Denmark, England, Japan, Korea, Netherlands, New 
Zealand, Turkey, and the U.S.  In the background questionnaire for the 8th grade 
TIMSS, students were asked to provide their parents’ highest levels of education.  
A substantial number of students put “I don’t know” as a response to the question 
“What is the highest level of education completed by your mother (or stepmother 
or female guardian)?”.  For example, 50.7% of students in England, 32.0% of 
students in Finland, and 28.0% of students in the U.S. selected “I don’t know” as 
an answer.  Based on these high levels of unhelpful responses, the Barro-Lee 
database may be more useful. 
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Definition of Variables 
Measures of Inequality  
Gini Coefficient  
 The Gini indices are different measures used to describe the overall 
distribution of economic resources within a country or region, whether these 
resources are wealth, consumption, or income; the Gini indices have been widely 
used since their establishment in 1912 (Xu, 2003).  This study will use the Gini 
income coefficient as one of the principal independent variables in this research, 
since it is the most widely used measure of income inequality (De Maio, 2007; 
World Bank, 2011).  Throughout the remainder of this dissertation, the term “Gini 
coefficient” will be used to mean “Gini income coefficient”.  Using the Gini 
coefficient to measure income inequality may have an advantage over the 
90th/10th percentile measure, since the latter measure only compares one 
difference in the income distribution curve (Hedges, 2013).  A similar argument 
could be made for using the Gini coefficient instead of other percentile measures 
as well.  To better understand potential threats to the validity and reliability of the 
Gini coefficient, it is necessary to understand how this measure is calculated. 
 A Gini coefficient of zero means that all members of a country earn an 
equal amount, while a coefficient of one means that all of the income is 
concentrated in the hands of one person.  To calculate the Gini coefficient, one 
starts by comparing the actual distribution of income within a country to a 
hypothetical distribution, in which everyone earns the same amount.  The 
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hypothetical distribution of income is often called the line of equality or a 45-
degree line, and can be plotted on a coordinate graph, with the cumulative 
percentage of people on the horizontal axis and the cumulative percentage of 
income on the vertical axis.  The actual distribution is plotted in a similar manner 
and is called the Lorenz curve.  To calculate the Gini coefficient, one finds the 
area between the line of equality and the Lorenz curve (region A) and multiplies it 
by two (Samuelson and Nordhaus, 1995). 
Figure 3.2: Sample Graph Used to Calculate a Gini Coefficient 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Image adapted from: Thomas, Wang, and Fan, 2001. 
 Since the Gini coefficient describes the overall distribution of income, it is 
very useful for comparing economic inequality among different countries.  Of the 
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28 countries in the sample, the U.S. had the third-highest Gini coefficient (0.38), 
which means there exists a large disparity in incomes in the U.S. compared to 
other countries (Organization of Economic Cooperation and Development, 2010).   
 All of the countries in the sample are OECD member nations with national 
statistical organizations that collect data on a variety of socioeconomic 
measures.  Since each national statistical organization collects data on the 
cumulative income distribution for that country, any errors that are made in the 
data collection or analysis of the income distribution by each national 
organization would reduce the validity of the Gini coefficient for that nation.  
However, even if alternate measures of income inequality were utilized in this 
study, these measures would be subject to similar threats to validity as the Gini 
coefficient. 
  The reliability of the Gini coefficient can be shown by its high correlation 
with another measure of income inequality, the Palma, which compares the 
incomes of the top 10% of a country with the incomes of the bottom 40% 
(Cobham and Sumner, 2013).  Consequently, a Palma of 8 means that the top 
10% of a country earn 8 times as much as the bottom 40% of that country in a 
given year.  In comparing data from the years 1990 and 2010, as well as pooled 
data, Cobham and Sumner (2013, pp.18, 22) found a “near-perfect” correlation 
between the Palma and Gini coefficient, which helps confirm the reliability of both 
measures.  An advantage of the Palma, however, is that it is more sensitive to 
changes in the top and bottom of the income distribution than the Gini coefficient, 
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which may make the Palma a more accurate reflection of income inequality 
within a society (Cobham and Sumner, 2013).   
 One of the reasons for the Gini coefficient’s widespread usage is that it is 
comparable across nations, regardless of the size of the nation’s gross domestic 
product, population, or geographical area.  Even though the singular nature of 
the Gini coefficient makes it useful, there are limitations regarding its reliability 
across countries due to different methods that may be used to calculate 
cumulative income distributions (Deninger and Squire, 1996).  For instance, 
segmenting income levels by tenths could lead to a different cumulative income 
distribution than if income levels were segmented by twentieths.  Also, it cannot 
be determined a priori whether changes in a country’s Gini coefficient result from 
income redistributions in the top, middle, or bottom income shares of the 
population (World Bank, 2011). 
 Despite the limitations to the validity and reliability of the Gini coefficient, it 
has been the most popular measure of income inequality, due to its simplicity, 
comparability, and availability across countries.  Any biases or errors in the 
collection and analysis of income distribution data would also affect other 
measures of income inequality, such as the Palma.  These reasons, combined 
with the widespread acceptance of the Gini coefficient in the economics 
literature, support the use of the Gini coefficient in this study. 
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Gender Inequality Index 
 Created in 2010 by the United Nations Development Programme, the 
Gender Inequality Index (GII) measures the overall status and well-being of 
women relative to men in different countries.  The GII combines three indicators 
to calculate an overall measure: reproductive health, female empowerment, and 
labor market participation (United Nations Development Programme, 2014).  
Reproductive health includes the maternal mortality ratio (number of deaths per 
100,000 births) and the adolescent fertility rate (births per 1,000 women ages 15 
to 19).  Female empowerment compares male and female rates of attainment in 
two areas: positions held in the national legislature or parliament, and rates of 
attending secondary school.  Labor market participation examines the relative 
labor force participation rates of males and females; countries are penalized in 
the GII if the female participation rates are lower than those of males (United 
Nations Development Programme, 2013; United Nations Development 
Programme, 2014). 
 In the above three areas, measures of reproductive health are absolute 
indicators, in that the ideal rates of maternal mortality and adolescent fertility are 
zero.  In contrast, female empowerment and labor market participation reflect 
females’ opportunities relative to those of males in a given society.  Since the 
data that comprise the GII are composed of rates of events occurring, and these 
rates are compared between two genders in certain categories, geometric means 
and harmonic means are used to calculate the overall GII for each country 
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(United Nations Development Programme, 2013). 
 In 1995, the United Nations Development Programme adopted two 
measures of gender inequality, one to measure differences in human 
development between the genders (the Gender Development Index or GDI) and 
the other to assess female empowerment (the Gender Empowerment Measure 
or GEM) (Klasen and Schuler, 2011).  The GDI is a form of the Human 
Development Index (HDI) that is reduced by the amount of gender inequality in a 
society.  One of the criticisms of the GDI is that it is easily confused with an 
independent measure of gender inequality, which it is not, since it depends on 
the HDI (Dijkstra, 2006; Klasen and Schuler, 2011).  As a result, researchers felt 
it necessary to replace the GDI with another measure.   
 The GEM measures female empowerment in terms of income levels and 
representation in high-level political and economic positions.  However, the 
income metrics employed by the GEM prevent underdeveloped countries from 
having good scores in this indicator, even if males and females earn comparable 
wages, because the income levels in these countries are much lower than those 
in developed countries (Klasen, 2006).  Also, the GEM neglects to address key 
health issues specific to women (Beteta, 2006).  There are a variety of other, 
more nuanced methodological problems to the GDI and GEM that have been 
raised as well (Dijkstra, 2006; Gaye, Klugman, Kovacevic, Twigg, and Zambrano, 
2010; Klasen, 2006; Klasen and Schuler, 2011).  As a result of these issues with 
the GDI and GEM, the United Nations Development Programme revised these 
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indices and combined them into a single, improved measure, the Gender 
Inequality Index, which will be used as a variable in this study.  Because the GII 
is an aggregate measure, the validity and reliability of its data depend on the 
quality of data for individual measures collected and analyzed by national 
statistical agencies and the United Nations Development Programme. 
 
Parental Characteristics 
Maternal Education 
 Within this variable, there are two measures.  One measure is the 
percentage of women who have completed a certain level of education: none, 
primary, secondary, or tertiary.  The other measure is a country’s average years 
of schooling for its female members who are twenty-five years of age or older.   
 From the literature, maternal education is significantly linked to the 
probability of being married (r2 = 0.05, p < 0.01) and household income (r2 = 
0.14, p < 0.01) (Carneiro, Meghir, and Parey, 2013), making it unnecessary to 
include the number of parents as a variable in this study, given the other 
variables that are included.  
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Children’s Pre-K Experiences 
Prevalence of Low-Birthweight Babies 
 Prenatal care is one of several factors that affect a child’s birthweight and 
healthy development.  However, it is difficult to define and measure the 
availability of high-quality prenatal care across countries.  Thus, the percentage 
of low-birthweight babies in each country will be used to assess the well-being 
and development of children at birth.  Since the OECD data define a low-
birthweight baby as one who weighs less than 2.5 kilograms (5.5 pounds), the 
percentage of babies in a country who weigh less than this figure at birth will be 
used in the analysis.   
 
Access to Paid Maternity Leave for Mothers and Babies 
 The OECD categorizes data for paid time off that new mothers have into 
two parts: maternity leave and parental leave.  Maternity leave is considered to 
be the period when a mother recovers from childbirth and has some initial time 
with the baby.  Parental leave is used after maternity leave, so that the mother 
can raise the baby.  For purposes of this study, it makes sense to combine both 
maternity leave and parental leave into a single variable, since paid time off for 
the mother is paid time off, regardless of what it is actually called.  Some 
countries have shorter maternity leave periods and longer parental leave periods, 
but other countries have the opposite.  Although either parent can use parental 
leave, it is typically the mother who uses this benefit so maternity leave and 
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parental leave will be combined into a single variable called “paid maternity 
leave”. 
 Thus, the unit of analysis for this variable will be the number of fully paid 
weeks that mothers can access as part of family leave programs in a country.  In 
many cases, countries pay a wage replacement rate for part of the leave.  To 
standardize this measure across countries, the number of weeks will be 
multiplied by the wage replacement rate to get the “full-rate equivalent” number 
of weeks of paid leave (Organisation for Economic Co-Operation and 
Development, 2013a).  For example, if a new mother has 8 weeks of paid 
maternity leave with 100% wage replacement and 20 weeks of paid parental 
leave with 50% wage replacement, the full-rate equivalent would be (8 weeks * 
100% + 20 weeks * 50%) or 18 weeks.  This figure of 18 weeks would be used 
as the “full-rate equivalent” of paid maternity leave in the analysis. 
 
Preschool Participation 
 Preschool participation will be measured using the expected number of 
years of education for 3- to 5-year-olds in a country.  Although a variety of 
statistics assess preschool participation, this measure best standardizes 
preschool participation across countries. 
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Health Care Access 
Percentage of Health Care Expenditures Funded by the Government 
 The OECD countries in this paper have higher rates of development than 
many countries outside of the OECD.  However, within OECD countries, not all 
members enjoy the same access to health care services.  Some traditional 
measures of health care access, such as the number of physicians per 1,000 
people, are less relevant to this study; a country can have many doctors, but if 
poor citizens cannot afford to see a doctor, then the measure of the number of 
physicians hides the true accessibility of health care within a country.  Since 
there is some economic inequality in all countries, the percentage of health care 
expenditures funded by a government demonstrates the extent that a 
government mitigates disparities in health care access, and enables people from 
all economic backgrounds to obtain health care.  Although imperfect, this 
measure seemed more useful than the others that had available data. 
 
Adolescent Fertility Rates 
 Although this measure affects the Gender Inequality Index, it may be 
useful to examine it separately to see its individual association with other 
variables.  The available data state the number of births for women ages 15–19 
per 1,000 women.  From the literature, adolescent mothers possess higher risks 
of having a low-birthweight baby, lower income and education levels, and higher 
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probabilities of being a single parent (Fielding and Williams, 1991; Klepinger, 
Lundberg, and Plotnick, 1995; National Academies Press, 1985). 
 
GDP Variables 
Gross Domestic Product per Capita (in U.S. dollars) 
 This variable represents the value of all goods and services produced 
within a country in a given year. To standardize this figure, it will be reported in 
U.S. dollars across all countries. 
 
Public Spending on Family Services, as Percentage of Gross Domestic Product 
 This measure outlines how much government spending is allocated to 
family services relative to a country’s overall gross domestic product.  Family 
services include cash payments and tax breaks given to families based on the 
number of children, financial support for childcare, and paid maternity and 
parental leave.  Although certain programs, like housing subsidies, may benefit 
families, these initiatives fall outside of family services for budgetary and data 
purposes.  Preschool spending is excluded from this measure. 
 
Public Spending on Childcare and Preschool, as Percentage of Gross Domestic 
Product 
 
 This variable describes the percentage of a country’s gross domestic 
product that its government spends on childcare and preschool programs.  
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OECD data do not have separate categories for spending on childcare and 
preschool programs that could be compared across countries. 
 
Variables and Data Sources 
 Before proceeding with the analysis, it is necessary to specify whether 
each variable in this study is nominal, ordinal, interval, or ratio.  The tables in this 
section list the variables, each variable’s type, and the organizations that provide 
the data for each variable.  Full references for these data sources are listed in the 
bibliography. 
Table 3.2: Economic Variables and Data Sources 
 
Economic and Social 
Variables 
Type of Variable Data Sources 
Measures of Inequality 
Gini coefficient ratio Organisation for 
Economic Co-
operation and 
Development (OECD) 
Gender Inequality Index 
(GII) 
continuous ordinal 
(square root 
transformations) 
United Nations 
Development 
Programme (UNDP) 
  
Parental Characteristics 
Maternal education level ordinal Barro-Lee Database 
Average years of maternal 
education 
ratio Barro-Lee Database 
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Economic and Social 
Variables  
Type of Variable Data Sources 
Children’s Pre-K Experiences 
Percentage of children 
with low birthweight (less 
than 5.5 kg or 2.5 pounds) 
ratio OECD 
Paid maternity leave (full-
week equivalent) 
ratio OECD 
Expected years of 
education for 3- to 5-year-
olds 
ratio OECD 
  
Health Care Access 
Percentage of health care 
expenditures funded by 
the government 
ratio World Health 
Organization 
Adolescent fertility rates ratio UNDP 
 
GDP Variables 
Gross domestic product 
per capita (in US dollars) 
ratio UN Data Statistics 
Percentage of GDP 
government spends on 
family services 
ratio OECD 
Percentage of GDP 
government spends on 
childcare and preschool 
ratio OECD 
  
 Most of the independent variables in this study are ratio variables.  The 
Gender Inequality Index is an aggregate of several measures, and the GII uses 
square root transformations in its calculations; thus, the GII is a continuous 
ordinal variable.  In contrast, the Gini coefficient represents the area between a 
hypothetical income distribution (in which everyone earns the same amount) 
drawn as a 45-degree line of equality and an actual income distribution.  Since 
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the Gini coefficient is derived from the area between these graphs, it is a ratio 
variable.   
 Maternal education is measured both in average years of education (ratio) 
and education level (ordinal).  The levels for “education level” are: a) percentage 
of women with no schooling or some primary, b) percentage of women who 
completed primary school, c) percentage of women who completed primary and 
secondary school, and d) percentage of women who completed primary, 
secondary, and tertiary school.   
 The dependent variables in this study consist of average test scores for 
the 2011 PIRLS and TIMSS, and the ratios of test scores at the 90th percentile 
divided by those at the 10th percentile.  There are some countries that 
participated in these tests but do not have socioeconomic data available from the 
OECD; thus these countries cannot be considered in this study.  The table below 
shows the dependent variables that are analyzed in the study. 
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Table 3.3: Educational Outcome Variables and Data Sources 
 
Educational Outcome 
Variables 
(2011 Test Scores)  
Type of variable Data Sources 
4th grade reading, 
average scores 
interval 2011 PIRLS 
4th grade reading, 
90/10 ratio 
ratio 2011 PIRLS 
4th grade math, 
average scores 
interval 2011 TIMSS 
4th grade math, 
90/10 ratio 
ratio 2011 TIMSS 
4th grade science, 
average scores 
interval 2011 TIMSS 
4th grade science, 
90/10 ratio 
ratio 2011 TIMSS 
8th grade math, 
average scores 
interval 2011 TIMSS 
8th grade math, 
90/10 ratio 
ratio 2011 TIMSS 
8th grade science, 
average scores 
interval 2011 TIMSS 
8th grade science,  
90/10 ratio 
ratio 2011 TIMSS 
 
 Test scores for the PIRLS and TIMSS are curved, so that the average is 
500 and the standard deviation is 100.  Since countries in this study are OECD 
members, and thus enjoy higher than average levels of economic development, 
average test scores for most of these countries are well above 500.  These test 
scores would be considered interval variables, since a group whose average 
score is 600 does not know twice as much as a group whose average score is 
300.  However, the 90/10 ratios are ratio variables, because a country with a 
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90/10 ratio of 2.0 has test scores that are twice as unequal as a country whose 
90/10 ratio is 1.0.  A table with average test scores for countries in the sample is 
shown below.   
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Table 3.4: 2011 Average Test Scores 
Countries 
PIRLS 
4th Grade 
TIMMS 
4th Grade 
Math 
TIMSS 
4th Grade 
Science 
TIMSS 
8th Grade 
Math 
TIMSS 
8th Grade 
Science 
Australia 527 516 516 505 519 
Austria 529 508 532 n/a n/a 
Belgium 
(Flemish 
TIMSS/French 
PIRLS) 
506 549 509 n/a n/a 
Canada 548 n/a n/a n/a n/a 
Chile n/a 462 480 416 461 
Czech 
Republic 
545 511 536 n/a n/a 
Denmark 554 537 528 n/a n/a 
Finland 568 545 570 514 552 
France 520 n/a n/a n/a n/a 
Germany 541 528 528 n/a n/a 
Hungary 539 515 534 505 522 
Ireland 552 527 516 n/a n/a 
Israel 541 n/a n/a 516 516 
Italy 541 508 524 498 501 
Japan n/a 585 559 570 558 
Korea (South) n/a 605 587 613 560 
Netherlands 546 540 531 n/a n/a 
New Zealand 531 486 497 488 512 
Norway 507 495 494 475 494 
Poland 526 481 505 n/a n/a 
Portugal 541 532 522 n/a n/a 
Slovak 
Republic 
535 507 532 n/a n/a 
Slovenia 530 513 520 505 543 
Spain 513 482 505 n/a n/a 
Sweden 542 504 533 484 509 
Turkey n/a 469 463 452 483 
UK / England 552 542 529 507 533 
USA 556 541 544 509 525 
      
# Countries 24 25 25 15 15 
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Procedures / Data Analysis 
 In order to learn more about the sampled countries, and how they differ 
from countries not in the study, this dissertation compares the Gini coefficients 
and GDP per capita for sampled and non-sampled countries.  Descriptive 
statistics are displayed using tables and box-and-whisker plots. 
 To answer the research questions, bivariate correlations are conducted 
between each of the independent and dependent variables in the study.  
Correlation coefficients and significance levels (p-values) are reported for each of 
the bivariate correlations.  Scatterplots and lines of best fit are drawn to obtain a 
better understanding of the data, and to help determine patterns across variables 
and countries.  Rich descriptions of each scatterplot explain the strength of the 
associations, while pointing out countries that are outliers. 
 The results chapter includes overview tables of the bivariate correlations 
described above, as well as intercorrelations among the independent variables.  
The discussion section highlights key findings in the study, and a short policy 
analysis of selected countries describes programs that may contribute to strong 
academic achievement in these countries. 
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CHAPTER 4: RESULTS 
 In this study, we have examined associations among socioeconomic 
variables that are described in the literature, and tested whether these 
associations are significant across countries.  This chapter highlights the 
principal findings of the study, while the Appendix contains scatterplots and 
descriptions for each of the bivariate correlations, as well as tables for all of the 
country-level data. 
 As stated previously, the research questions investigated in this 
dissertation are:  
1) To what extent is income inequality associated with average reading 
achievement in fourth grade, and average mathematics and science 
achievement in fourth and eighth grades across countries?   
2)  To what extent is income inequality associated with test score inequality 
 across countries? 
3)  What other economic measures correlate with reading, mathematics, and 
 science achievement across countries?   
4)  Given the importance of mothers to their children’s education, what 
 relationship does gender inequality (as measured by the United Nations’ 
 Gender Inequality Index) have with student achievement in reading, 
 mathematics, and science?  What is the relationship between measures of 
 economic inequality and gender inequality? 
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 There are two overarching results from the dissertation.  First, 
socioeconomic variables have stronger associations with 90/10 percentile ratios 
than with average test scores.  (Throughout the remainder of this dissertation, 
“percentile ratios” will be used to mean “90/10 percentile ratios.”)  Second, there 
are high intercorrelations among socioeconomic variables, meaning, for example, 
that countries that provide socioeconomic supports for one program are likely to 
support other societal programs as well.  Overall themes that describe the data 
are listed in this chapter, while the research questions are answered individually 
in Chapter 5. 
  
Stronger Associations Found With Test Score Percentile Ratios Than With 
Average Scores 
 
  Many of the socioeconomic variables are more closely linked to test score 
disparities, than to average outcomes.  
 
Associations Between Socioeconomic Variables and Average Test Scores 
 There are significant associations (p < 0.05) between average test scores 
and three of the variables: adolescent fertility rates, Gini coefficients, and 
maternal education.  
  Adolescent fertility rates have moderate negative associations with grade 
4 math (r = -0.43, p = 0.03) and grade 4 science average test scores (r = -0.47, p 
= 0.02).  There are strong negative associations with average scores for grade 8 
math (r = -0.62, p = 0.01) and grade 8 science (r = -0.61, p = 0.02).  These 
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findings mean that higher adolescent fertility rates accompany lower average test 
scores in math and science.  No significant relationship is found with PIRLS test 
scores. 
 Gini coefficients have moderate negative associations with science test 
scores in grade 4 (r = -0.41, p = 0.04) and grade 8 (r = -0.54, p = 0.04).  No 
significant associations are found with PIRLS or math average test scores. 
 The number of years of education for women 25 years of age and older in 
each country has a moderate positive association with average scores in grade 4 
science (r = 0.45, p = 0.02), and grade 8 science (r = 0.51, p = 0.05).  There are 
no significant associations between the number of years of education for women 
in each country and any of the other tests.  
 Maternal education is also measured using the percentage of women at 
each level of educational attainment.  Although some of the associations 
between women’s level of education and average test scores are not significant, 
the signs of the coefficients and their magnitudes generally behave as expected.  
The correlation coefficients for no education and average test scores and the 
coefficients for primary education and average test scores are all negative; the 
coefficients for no education are all stronger.  Both secondary education and 
tertiary education have positive coefficients with all average test score measures, 
and in some cases, the coefficients for tertiary education are stronger.   
 No other significant associations were found between the other variables 
and average test scores.  The tables on pages 90 to 92 provide correlations 
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between each of the socioeconomic variables and average test scores, as well 
as with percentile test score ratios. 
 
Associations Between Socioeconomic Variables and Test Score Percentile 
Ratios 
 
 Most of the socioeconomic variables have significant associations with at 
least one of the percentile test score ratios, and overall, associations are stronger 
than with average test scores.  The significant associations (p < 0.05) are 
described below. 
 Gini coefficients have moderate to strong positive associations (r = 0.50 to 
0.66, p < 0.05) with all five percentile test score ratios.   
 The Gender Inequality Index (GII) has moderate positive associations with 
the percentile ratios for PIRLS (r = 0.57, p = 0.004) and grade 8 science (r = 
0.59, p = 0.02).  The GII possesses strong positive associations with the 
percentile ratios for grade 4 math (r = 0.77, p < 0.001), grade 4 science (r = 0.71, 
p < 0.001), and grade 8 science (r  = 0.78, p < 0.001).  These significant 
relationships reflect the fact that the percentile ratios of test scores, the Gini 
coefficients, and the Gender Inequality Index all measure disparities within a 
country.  As socioeconomic inequality increases across countries, test score 
inequality also increases. 
 Adolescent fertility rates have moderate to strong positive associations 
with all of the percentile test score ratios (r = 0.55 to 0.66, p < 0.05) except grade 
8 science (r = 0.43, p = 0.11).  Although adolescent fertility rates do not directly 
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measure inequality, higher levels of this statistic may both result from and 
exacerbate socioeconomic inequality in a society. 
 As described previously, the average number of years of schooling for 
women and the percentages of women by highest education level are used to 
measure maternal education.  Significant negative correlations are found 
between average years of schooling for women and grade 8 test score percentile 
ratios in math (r = -0.67, p = 0.006) and science (r = -0.53, p = 0.04); that is, an 
increase in the amount of education for women is associated with lower levels of 
inequality in grade 8 math and science test scores.   
 In terms of the percentage of women at each level of educational 
attainment, there is a moderate positive association (r = 0.44, p = 0.03) between 
the percentage of women without any education and the percentile ratio in grade 
4 science; a strong positive association is found with the test score ratios for 
grade 8 math (r = 0.80, p < 0.001) and grade 8 science (r = 0.71, p = 0.003).  
There are strong negative associations between the percentage of women with 
secondary education and the grade 8 percentile ratios (grade 8 math: r = -0.72, p 
= 0.002; grade 8 science: r = -0.63, p = 0.01). 
 In contrast, the PIRLS test score percentile ratio has a moderate positive 
association (r = 0.50, p = 0.01) with the percentage of women who have a tertiary 
education.  Countries with higher percentages of women who attain university 
degrees have greater disparities in reading test scores.  Possible reasons for this 
result will be considered in the Discussion.  The average number of years of 
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education is not significantly associated with PIRLS or with grade 4 math and 
science test score ratios. 
 There are strong associations between the percentage of low-birthweight 
babies and the percentile ratios for grade 8 math (r = 0.65, p = 0.009) and grade 
8 science (r = 0.58, p = 0.02).  Countries in the study that have higher 
percentages of low-birthweight babies are associated with greater test score 
inequality in grade 8 math and science.  However, the percentage of low-
birthweight children was not found to be significantly associated with any of the 
average test scores, nor with the percentile ratios for PIRLS or grade 4 math and 
science.   
 One reason for a lack of statistical significance here might be a lack of 
variance within the data for low-birthweight babies.  All 28 countries in the study 
are members of OECD, which means they are primarily developed nations.  As a 
result, there are not the large disparities that would be found between OECD 
countries in this study and less developed nations.  Also, the sample sizes for the 
international assessments are small (n = 15 to n = 25), which hinders statistical 
significance. 
 The number of weeks of paid maternity leave has moderate negative 
associations with PIRLS percentile ratios (r = -0.48, p = 0.02) and grade 8 
science percentile ratios (r = -0.53, p = 0.04).  This means that countries with 
fewer weeks of paid maternity leave have higher disparities in these test scores.  
No significant associations were found with the percentile ratios for grade 4 math 
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and science, or with grade 8 math.   
 The expected years of education of 3- to 5-year-olds in each country 
possesses moderate negative associations with grade 4 math (r = -0.47, p = 
0.02) and grade 4 science (r = -0.52, p = 0.007), and a strong negative 
association with grade 8 math (r = -0.61, p = 0.02).  There is a moderate negative 
association with borderline significance (r = -0.50, p = 0.06) between expected 
years of education and grade 8 science percentile test score ratios.  Thus, more 
years of preschool education are significantly associated with reductions in the 
percentile ratios in math and science tests.  No association is found with the 
PIRLS percentile ratios. 
 Macroeconomic variables have weaker relationships with percentile test 
score ratios than other variables in the study.  There are no significant 
associations (p < 0.05) between the following variables and any of the percentile 
ratios: percentage of health care funded by the government, percentage of GDP 
that governments spend on family services, and the percentage of GDP that 
governments spend on childcare.  There is a moderate negative association 
between the percentile ratio for grade 8 math (r = -0.53, p = 0.04) and GDP per 
capita; no significant associations are found with GDP per capita and the other 
test score ratios.   
 Tables summarizing the associations mentioned above are found in the 
tables starting on page 90. 
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Table 4.1: Correlations Among Average Test Scores, Percentile Ratios, and Socioeconomic Variables 
(p-values in parentheses) 
 
PIRLS 
G4 
Avgs 
TIMSS 
G4 
Math 
Avgs 
TIMSS 
G4 
Science 
Avgs 
TIMSS 
G8 
Math 
Avgs 
TIMSS 
G8 
Science 
Avgs 
PIRLS 
G4 
90/10 
Ratio 
TIMSS 
G4 
Math 
90/10 
Ratio 
TIMSS 
G4 
Science 
90/10 
Ratio 
TIMSS 
G8 
Math 
90/10 
Ratio 
TIMSS 
G8 
Science 
90/10 
Ratio 
Gini coefficients 0.18 
(0.41) 
-0.27 
(0.19) 
-0.41* 
(0.04) 
-0.39 
(0.15) 
-0.54* 
(0.04) 
0.50* 
(0.01) 
0.56** 
(0.004) 
0.53** 
(0.006) 
0.66** 
(0.008) 
0.53* 
(0.04) 
Gender Ineq Index 0.18 
(0.39) 
-0.32 
(0.11) 
-0.38 
(0.06) 
-0.41 
(0.13) 
-0.48 
(0.07) 
0.57** 
(0.004) 
0.77** 
(< 0.001) 
0.71** 
(< 0.001) 
0.78** 
(< 0.001) 
0.59* 
(0.02) 
% of children LBW -0.13 
(0.54) 
-0.09 
(0.66) 
-0.21 
(0.33) 
-0.03 
(0.91) 
-0.10 
(0.71) 
0.18 
(0.41) 
0.37 
(0.07) 
0.36 
(0.08) 
0.65** 
(0.009) 
0.58* 
(0.02) 
Number wks paid 
maternity leave 
0.07 
(0.73) 
-0.05 
(0.83) 
0.29 
(0.16) 
0.05 
(0.87) 
0.19 
(0.50) 
-0.48* 
(0.02) 
-0.26 
(0.21) 
-0.30 
(0.15) 
-0.45 
(0.10) 
-0.53* 
(0.04) 
Exp. yrs. of ed. 3- to 
5-yr-olds 
-0.35 
(0.10) 
0.28 
(0.18) 
0.29 
(0.16) 
0.32 
(0.25) 
0.29 
(0.29) 
0.02 
(0.93) 
-0.47* 
(0.02) 
-0.52** 
(0.007) 
-0.61* 
(0.02) 
-0.50 
(0.06) 
% health care govt 
funded 
-0.17 
(0.44) 
-0.0005 
(0.998) 
-0.06 
(0.77) 
0.01 
(0.96) 
0.13 
(0.65) 
-0.27 
(0.19) 
-0.21 
(0.32) 
-0.18 
(0.38) 
-0.18 
(0.52) 
-0.05 
(0.86) 
Adolescent fertility 
rates 
0.19 
(0.36) 
-0.43* 
(0.03) 
-0.47* 
(0.02) 
-0.62* 
(0.01) 
-0.61* 
(0.02) 
0.55** 
(0.005) 
0.66** 
(< 0.001) 
0.59** 
(0.002) 
0.58* 
(0.02) 
0.43 
0.11 
GDP per capita 
(USD) 
-0.12 
(0.58) 
0.19 
(0.37) 
0.07 
(0.75) 
0.02 
(0.94) 
0.03 
(0.91) 
-0.13 
(0.54) 
-0.32 
(0.12) 
-0.36 
(0.08) 
-0.53* 
(0.04) 
-0.31 
(0.27) 
% GDP govt spends 
family services^ 
0.02 
(0.92) 
-0.08 
(0.71) 
-0.16 
(0.45) 
-0.32 
(0.27) 
-0.08 
(0.78) 
0.14 
(0.53) 
0.13 
(0.54) 
0.16 
(0.45) 
0.02 
(0.94) 
0.19 
(0.52) 
% GDP govt spends 
childcare^ 
0.04 
(0.86) 
0.02 
(0.93) 
0.003 
(0.99) 
-0.24 
(0.40) 
-0.18 
(0.53) 
-0.01 
(0.95) 
-0.02 
(0.91) 
-0.10 
(0.66) 
-0.16 
(0.57) 
0.11 
(0.72) 
Sample sizes 
(unless noted) 
n = 24 n = 25 n = 25 n = 15 n = 15 n = 24 n = 25 n = 25 n = 15 n = 15 
 * p < 0.05; ** p < 0.01.  ^ For TIMSS data in these rows, sample size is one less than indicated.  Turkey did not have data on 
 government spending.  Turkey did not participate in PIRLS so those cells are not affected. 
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Average Scores vs. Maternal Education Level 
 
Table 4.2: Correlations between Average Test Scores and 
Percent of Women by Highest Education Level (p-values in parentheses) 
 
Percent of 
Women by 
Highest 
Education Level 
PIRLS G4 
Averages 
TIMSS G4 
Math 
Averages 
TIMSS G4 
Science 
Averages 
TIMSS G8 
Math 
Averages 
TIMSS G8 
Science 
Averages 
None -0.33 
(0.12) 
-0.32 
(0.12) 
-0.55** 
(0.004) 
-0.47 
(0.08) 
-0.68** 
(0.006) 
Primary Only -0.24 
(0.26) 
-0.27 
(0.19) 
-0.39 
(0.05) 
-0.31 
(0.25) 
-0.35 
(0.20) 
Secondary Only 0.22 
(0.31) 
0.13 
(0.55) 
0.38 
(0.06) 
0.17 
(0.55) 
0.38 
(0.16) 
Tertiary Only 0.19 
(0.37) 
0.43* 
(0.03) 
0.32 
(0.12) 
0.57* 
(0.03) 
0.48 
(0.07) 
Sample sizes 24 25 25 15 15 
* p < 0.05; ** p < 0.01 
 
 
Table 4.3: Correlations between Average Test Scores and 
Average Years of School for Women 25 Years and Older 
 
 
PIRLS G4 
Averages 
TIMSS G4 
Math 
Averages 
TIMSS G4 
Science 
Averages 
TIMSS G8 
Math 
Averages 
TIMSS G8 
Science 
Averages 
Average Years 
of School for 
Women 25+ Yrs 
0.30 
(0.16) 
0.28 
(0.18) 
0.45* 
(0.02) 
0.37 
(0.17) 
0.51 
(0.05) 
Sample sizes 24 25 25 15 15 
* p < 0.05; ** p < 0.01 
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Table 4.4: Correlations between Percentile Test Score Ratios and 
Percent of Women by Highest Education Level (p-values in parentheses) 
 
Percent of 
Women by 
Highest 
Education Level 
PIRLS G4 
90/10 
Ratio 
TIMSS G4 
Math 
90/10 
Ratio 
TIMSS G4 
Science 
90/10 
Ratio 
TIMSS G8 
Math 
90/10 
Ratio 
TIMSS G8 
Science 
90/10 
Ratio 
None 0.05 
(0.82) 
0.37 
(0.07) 
0.44* 
(0.03) 
0.80** 
(< 0.001) 
0.71** 
(0.003) 
Primary Only -0.08 
(0.70) 
0.25 
(0.24) 
0.29 
(0.16) 
0.49 
(0.06) 
0.33 
(0.22) 
Secondary Only -0.23 
(0.27) 
-0.29 
(0.16) 
-0.36 
(0.07) 
-0.72* 
(0.002) 
-0.63* 
(0.01) 
Tertiary Only 0.50* 
(0.01) 
-0.12 
(0.56) 
-0.11 
(0.60) 
-0.25 
(0.38) 
-0.10 
(0.73) 
Sample sizes 24 25 25 15 15 
* p < 0.05; ** p < 0.01 
 
Table 4.5: Correlations between Percentile Test Score Ratios and 
Average Years of School for Women 25 Years and Older 
 
 
PIRLS G4 
90/10 
Ratio 
TIMSS G4 
Math 
90/10 
Ratio 
TIMSS G4 
Science 
90/10 
Ratio 
TIMSS G8 
Math 
90/10 
Ratio 
TIMSS G8 
Science 
90/10 
Ratio 
Average Years 
of School for 
Women 25+ Yrs 
0.19 
(0.38) 
-0.29 
(0.16) 
-0.37 
(0.07) 
-0.67** 
(0.006) 
-0.53* 
(0.04) 
Sample sizes 24 25 25 15 15 
* p < 0.05; ** p < 0.01  
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Significant Intercorrelations Among Socioeconomic Variables  
 The high levels of associations and statistical significance among many of 
the socioeconomic variables demonstrate that countries that provide 
socioeconomic supports for families in one measure are likely to provide 
supports in other measures. 
 Two direct measures of inequality, the Gini coefficient and the Gender 
Inequality Index, possess significant associations with other socioeconomic 
variables.   
 The Gini coefficient has strong positive associations with the Gender 
Inequality Index (r = 0.74) and adolescent fertility rates (0.79) that are significant 
at the p < 0.001 level.  In addition, there are moderate negative associations 
between the Gini coefficient and the following variables: the number of weeks of 
paid maternity leave (r = -0.51, p = 0.005), the expected years of preschool 
education (r = -0.40, p = 0.03), the percentage of health care spending that is 
government-funded (r = -0.60, p < 0.001), and the percentage of GDP 
governments spend on family services (r = -0.42, p = 0.03).  This means that 
higher levels of income inequality within a country are also associated with higher 
levels of inequality between males and females within that country; further, 
countries with greater economic inequality have fewer societal supports for 
families, such as paid maternity leave and education for preschoolers, and they 
spend lower percentages of their budget on family services.  Countries with 
higher Gini coefficients also tend to have higher adolescent fertility rates. 
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 People who live in a country with high income inequality, and are at the 
lower end of that country’s income distribution, struggle in ways that people in 
countries with low income inequality do not.  Health insurance and access to 
health care, paid maternity leave, and preschool education can be easier to 
obtain in countries with lower income inequality.  The negative relationship 
between the Gini coefficients and the percentage of GDP governments spend on 
family services indicate that tax breaks or other subsidies given to families are 
more generous in countries with lower income inequality. 
 The Gender Inequality Index has a moderate positive association with the 
percentage of children with a low birthweight (r = 0.50, p = 0.007).  This result 
indicates that societies with greater gender equity have lower percentages of 
low-birthweight babies.  Although there is a very strong positive association 
between the adolescent fertility rate and the Gender Inequality Index (r = 0.86, p 
< 0.001), the adolescent fertility rate is one of the indicators that comprise the 
Gender Inequality Index.  As a result, this association is of limited interest. 
 There is a moderate negative association between the Gender Inequality 
Index and the expected years of education for 3- to 5-year-olds (r = -0.49, p = 
0.008), which means that on average, children in countries with greater gender 
equity attend more years of preschool.  There is also a moderate negative 
association between the Gender Inequality Index and the percentage of health 
care expenditures paid by the government (r = -0.58, p = 0.001).   
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 The associations between government spending on childcare as a 
percentage of GDP and other variables may show that governments that spend a 
greater percentage of GDP on childcare allocate more resources to other 
programs that benefit young children.  Moderate positive associations exist 
between government spending on childcare and the following variables: 
expected years of education for 3- to 5-year-olds (r = 0.52, p = 0.005), the 
percentage of health care that is government-funded (r = 0.44, p = 0.02), and the 
percentage of GDP governments spend on family services (r = 0.60, p < 0.001).  
There is a moderate negative association between the percentage of GDP that 
governments spend on childcare and the percentage of low-birthweight babies (r 
= -0.49, p = 0.009).  Unsurprisingly, GDP per capita has a positive association 
with the percentage of GDP governments spend on childcare (r = 0.42, p = 0.03); 
countries with higher average income levels can spend a larger percentage of 
their budgets on childcare—an important but non-urgent budget item.  
 Government spending on health care does not have significant 
associations with student test scores, yet there are significant relationships with 
other socioeconomic variables.  There is a moderate negative association 
between the percentage of health care that is government funded and adolescent 
fertility rates (r = -0.54, p = 0.003).  The U.S. fits the pattern of this association, 
with the fourth-highest adolescent fertility rate (27.4 births per 1,000 women ages 
15–19) and the second-lowest percentage of health care expenses paid by the 
government (48.2%).   
96 
 
 
 A moderate positive association exists between the percentage of health 
care expenditures paid by the government and the percentage of GDP 
governments spend on family services (r = 0.53, p = 0.005).  Again, governments 
that provide greater support for one social program are likely to budget more 
resources for other social programs. 
 GDP per capita has some significant associations that were not previously 
mentioned.  There are moderate negative associations between GDP per capita 
and the Gender Inequality Index (r = -0.50, p = 0.007), and between GDP per 
capita and the percentage of low-birthweight children (r = -0.43, p = 0.02).  The 
table on the next page shows the intercorrelations among the socioeconomic 
variables. 
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Table 4.6: Intercorrelations Among Socioeconomic Variables (P-values listed below) 
 
Gini 
coeffi-
cients 
Gender 
Inequal-
ity Index 
% of 
children 
LBW 
Number 
wks paid 
maternity 
leave 
Exp. yrs. 
of ed. 3- 
to 5-yr-
olds 
% health 
care govt 
funded 
Adole-
scent 
fertility 
rates 
GDP per 
capita 
(USD) 
% GDP 
govt 
spends 
family 
services^ 
% GDP 
govt 
spends 
child-
care^ 
Gini 
coefficients 
1          
Gender Ineq 
Index 
0.74 
(< .001)** 
1         
% of children 
LBW 
0.29 
(0.13) 
0.50 
(0.007)** 
1        
Number weeks 
paid maternity 
leave 
-0.51 
(0.005)** 
-0.23 
(0.24) 
-0.14 
(0.48) 
1       
Exp. years of 
education 3- to 
5-yr-olds 
-0.40 
(0.03)* 
-0.49 
(0.008)** 
-0.18 
(0.36) 
0.17 
(0.38) 
1      
% health care 
govt funded 
-0.60 
(< .001)** 
-0.58 
(0.001)** 
-0.14 
(0.47) 
0.18 
(0.36) 
0.37 
(0.05) 
1     
Adolescent 
fertility rates 
0.79 
(< .001)** 
0.86 
(< .001)** 
0.23 
(0.24) 
-0.28 
(0.16) 
-0.37 
(0.05) 
-0.54 
(0.003)** 
1    
GDP per capita 
(USD) 
-0.29 
(0.13) 
-0.50 
(0.007)** 
-0.43 
(0.02)* 
-0.23 
(0.23) 
0.21 
(0.29) 
0.37 
(0.05) 
-0.31 
(0.11) 
1   
%GDP govt 
spends family 
services^ 
-0.42 
(0.03)* 
-0.27 
(0.17) 
-0.33 
(0.09) 
-0.03 
(0.89) 
0.35 
(0.07) 
0.53 
(0.005)** 
-0.16 
(0.44) 
0.35 
(0.07) 
1  
%GDP govt 
spends 
childcare^ 
-0.23 
(0.25) 
-0.28 
(0.15) 
-0.49 
(0.009)** 
-0.03 
(0.87) 
0.52 
(0.005)** 
0.44 
(0.02)* 
-0.10 
(0.60) 
0.42 
(0.03)* 
0.60 
(< .001)** 
1 
Sample sizes 
(unless noted) 
28 28 28 28 28 28 28 28 28 28 
 p < 0.05; ** p < 0.01.  ^ For TIMSS data in these rows, sample size is one less than indicated; Turkey did not have data on government spending.  
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 There are no significant associations at the 0.05 level between average 
years of schooling for women and any of the non-educational socioeconomic 
variables.  Nevertheless, a negative association of borderline significance (r = -
0.36, p = 0.06) exists between average years of schooling and the Gini 
coefficient. 
 The Gini coefficient has a moderate positive association (r = 0.56, p = 
0.002) with the percentage of women in each country with no education, and a 
moderate negative association with the percentage of women who have attained 
a secondary level of education (r = -0.41, p = 0.03).  These results indicate that 
countries with higher levels of income inequality may have larger percentages of 
women with no education, and smaller percentages of women with a secondary 
level of education.   
 The percentage of women with no education has moderate positive 
associations with the Gender Inequality Index (r = 0.41, p = 0.03) and adolescent 
fertility rates (r = 0.40, p = 0.03). 
 The number of weeks of paid maternity leave has multiple significant 
correlations with women’s education, but the overall picture is less clear.  There 
is a negative association with the percentage of women with no education (r = -
0.38, p = 0.047), and a positive correlation with the percentage of women with 
secondary education (r = 0.57, p = 0.002).  Thus, countries with higher amounts 
of paid maternity leave may enable women to obtain a secondary education in a 
variety of ways.  However, there is a negative association (r = -0.42, p = 0.03) 
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with the percentage of women who have attained a tertiary level of education; 
this result does not fit the pattern of the previous two. 
 The table on the next page provides an overview of correlations between 
measures of educational attainment by women in sampled countries and the 
other socioeconomic variables. 
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Table 4.7: Intercorrelations Among Socioeconomic Variables (P-values listed below) 
Percent of 
Women by 
Highest 
Education 
Level 
Gini 
coeffi-
cients 
Gender 
Ineq 
Index 
% of 
children 
LBW 
Number 
wks 
paid 
materni-
ty leave 
Exp. 
yrs. of 
ed. 3- to 
5-yr-
olds 
% 
health 
care 
govt 
funded 
Adole-
scent 
fertility 
rates 
GDP 
per 
capita 
(USD) 
% GDP 
govt 
spends 
family 
ser-
vices^ 
% GDP 
govt 
spends 
child-
care^ 
None 
0.56** 
(0.002) 
0.41* 
(0.03) 
0.32 
(0.09) 
-0.38* 
(0.047) 
-0.16 
(0.41) 
-0.16 
(0.41) 
0.40* 
(0.03) 
-0.28 
(0.15) 
-0.25 
(0.20) 
-0.06 
(0.77) 
Primary 
Only 
0.16 
(0.42) 
0.08 
(0.69) 
0.22 
(0.26) 
-0.20 
(0.30) 
0.06 
(0.76) 
0.25 
(0.20) 
0.03 
(0.89) 
-0.23 
(0.24) 
0.08 
(0.70) 
0.11 
(0.59) 
Secondary 
Only 
-0.41* 
(0.03) 
-0.21 
(0.29) 
-0.15 
(0.45) 
0.57** 
(0.002) 
0.07 
(0.72) 
0.01 
(0.94) 
-0.13 
(0.50) 
0.12 
(0.55) 
0.03 
(0.87) 
-0.08 
(0.69) 
Tertiary 
Only 
0.04 
(0.83) 
-0.08 
(0.70) 
-0.32 
(0.10) 
-0.42* 
(0.03) 
-0.08 
(0.69) 
-0.25 
(0.20) 
-0.13 
(0.52) 
0.34 
(0.07) 
0.02 
(0.93) 
0.03 
(0.89) 
Average 
Years of 
School for 
Women 
25+ Yrs 
-0.36 
(0.06) 
-0.28 
(0.14) 
-0.33 
(0.08) 
0.22 
(0.27) 
0.19 
(0.33) 
-0.02 
(0.94) 
-0.21 
(0.28) 
0.30 
(0.12) 
0.19 
(0.33) 
0.04 
(0.82) 
Sample 
sizes 
28 28 28 28 28 28 28 28 28 28 
 *  p < 0.05; ** p < 0.01 
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Sampled vs. Non-Sampled Countries: Gini Coefficients and GDP Per Capita 
 The countries in the study consist of 28 members of the OECD, an 
organization of countries that exhibit higher than average levels of economic 
development.  In considering the associations between test scores and 
socioeconomic measures of OECD countries, it may be useful to examine how 
the sample of countries differs from non-sampled countries in terms of two-
income based measures: the Gini coefficient and GDP per capita.   
 
Gini Coefficients 
 
 There are many countries in the sample and outside of the sample that 
have low-to-moderate Gini coefficients (0.25 to 0.35).  Seventeen of the 25 
countries with the smallest Gini coefficients are part of the study sample.  Of the 
24 countries with higher Gini coefficients (0.4 and above), only two are part of the 
sample (Turkey and Chile).  Thus, the study sample contains a larger proportion 
of countries with low-to-moderate Gini coefficients than non-sampled countries.  
 The variation in the Gini coefficients is greater for less developed 
countries that are not included in the study sample.  Although many of the 
countries in the study have lower than average Gini coefficients, there are 
several countries outside of the sample that share this characteristic.  The figure 
below shows the larger variation in Gini coefficients among countries outside of 
the study sample. 
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Figure 4.1: Gini Coefficient (Study Sample Versus Non-Sample) 
In the box-and-whisker plots below, the boxes represent the 
interquartile range of the data (25th to 75th percentiles).  In a box-
and-whisker plot, the horizontal lines (whiskers) represent the 
minimum or maximum values in the data set, as long as the 
minimum or maximum values lie within 1.5 times the interquartile 
range beyond either the first or third quartiles.  Data that lie outside 
these parameters are considered outliers and are represented as 
dots.   
 
 
 
 Table 4.8: Gini Coefficient (Study Sample Versus Non-Sample) 
Statistical Measure Study Sample (n = 28) Non-Sample (n = 50) 
Minimum .246 .248 
Q1 .265 .330 
Median / Q2 .308 .378 
Q3 .337 .472 
Maximum .501 .613 
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 The quartile measures of Gini coefficients are larger for countries not 
considered in the overall study; the median Gini coefficient is 0.056 lower in the 
sampled countries. The outlier for the study sample on the box-and-whisker 
graph is Chile, with a Gini coefficient of 0.501, which is approximately 0.09 larger 
than that of Turkey (.411); the other 26 Gini coefficients in the study sample are 
all below 0.4.   
 In the present sample of OECD countries, the majority of countries had 
Gini coefficients data for 2010.  However, Chile, Hungary, Ireland, Japan, Korea 
(South), New Zealand, and Turkey had Gini coefficients for 2009 or 2011 only, so 
these values were used.   
 The table also includes Gini coefficients for countries that are not part of 
the present sample (not shaded).  Because most of these countries are not part 
of the OECD, 2010 data from the World Bank were used as a comparison for 
non-sampled countries; 2010 data were not available for Brazil, so 2011 data 
were used instead.  (Some of the OECD countries in the sample did not have 
Gini coefficients listed in the World Bank dataset.)   
 Differences in estimations of the Lorenz curves may have caused OECD 
and World Bank estimates of Gini coefficients to differ for some OECD countries.  
In these cases, the OECD estimates were used in the study, for two reasons of 
consistency: 1) the study uses other OECD socioeconomic measures, and 2) 
some OECD countries had Gini coefficients from OECD but not the World Bank.  
To compare the countries in the study sample with the entire set of countries with 
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available Gini coefficients, it was necessary to merge these two data sources as 
described above.  There were only four countries with estimates that differed by 
0.03 or more (Israel, Italy, the U.K., and the U.S.; in these cases, the World Bank 
Gini coefficients were higher.  These discrepancies  
did not drastically affect the relative rankings or the above conclusions that were 
drawn. 
 The table on the next two pages shows Gini coefficients from a variety of 
countries around the world.  The United States has a Gini coefficient of 0.38, 
which makes it one of the countries with higher levels of income inequality. 
Table 4.9: Gini Coefficients from Different Countries 
Countries Gini Coefficient 
(shaded indicates 
part of study sample) 
Rank 
(1 = most equal) 
Slovenia 0.246 1 
Ukraine 0.248 2 
Norway 0.249 3 
Denmark 0.252 4 
Czech Republic 0.256 5 
Finland 0.260 6 
Slovak Republic 0.261 7 
Belgium 0.262 8 
Iceland 0.263 9 
Austria 0.267 10 
Sweden 0.269 11 
Hungary 0.272 12 
Belarus 0.277 13 
Romania 0.282 14 
Kazakhstan 0.286 15 
Germany 0.286 16 
Montenegro 0.286 17 
Netherlands 0.288 18 
Serbia 0.297 19 
France 0.303 20 
Poland 0.305 21 
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Countries Gini Coefficient 
(shaded indicates 
part of study sample) 
Rank 
(1 = most equal) 
Armenia 0.311 22 
Korea (South) 0.311 23 
New Zealand 0.317 24 
Italy 0.319 25 
Canada 0.320 26 
Moldova 0.321 27 
Bangladesh 0.321 28 
Estonia 0.322 29 
Nepal 0.328 30 
Mali 0.330 31 
Ireland 0.331 32 
Australia 0.334 33 
Cambodia 0.336 34 
Japan 0.336 35 
Jordan 0.337 36 
Lithuania 0.338 37 
Spain 0.338 38 
Sao Tome and 
Principe 0.339 39 
India 0.339 40 
United Kingdom / 
England 0.341 
41 
Portugal 0.344 42 
Greece 0.347 43 
Latvia 0.353 44 
Kyrgyz Republic 0.354 45 
Indonesia 0.356 46 
Bulgaria 0.358 47 
Tunisia 0.358 48 
Sri Lanka 0.364 49 
Israel 0.376 50 
United States 0.380 51 
Vietnam 0.393 52 
Thailand 0.394 53 
Russian Federation 0.401 54 
Madagascar 0.406 55 
Turkey 0.411 56 
China 0.421 57 
Georgia 0.421 58 
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Countries Gini Coefficient 
(shaded indicates 
part of study sample) 
Rank 
(1 = most equal) 
Nigeria 0.430 59 
Argentina 0.445 60 
El Salvador 0.445 61 
Peru 0.449 62 
Uruguay 0.453 63 
Malawi 0.462 64 
Mexico 0.472 65 
Dominican Republic 0.472 66 
Costa Rica 0.481 67 
Ecuador 0.493 68 
Chile 0.501 69 
Swaziland 0.515 70 
Paraguay 0.518 71 
Panama 0.519 72 
Brazil 0.531 73 
Honduras 0.534 74 
Lesotho 0.542 75 
Colombia 0.555 76 
Zambia 0.575 77 
Namibia 0.613 78 
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GDP Per Capita 
 
 Measuring the value of goods and services produced by a given person in 
a country each year, the GDP per capita provides one assessment of a country’s 
level of economic development.  Comparisons will use 2012 data, since that is 
the measure most readily available from OECD and the World Bank; when these 
figures differ for countries in the sample, the OECD figures will be used for the 
same reasons mentioned in the previous section.  When GDP per capita data 
were available from both OECD and the World Bank, the OECD estimates were 
slightly lower.  These small discrepancies did not change the overall assessment 
of economic development of countries within the study sample compared with 
other countries. 
 The median GDP per capita of sampled countries is $39,492, which is 10 
times the figure of $3,959 for non-selected countries.  Large differences in 
magnitude are also found in the first quartile (15 times greater for OECD 
countries), and the third quartile (five times greater).  The country with the 
maximum GDP per capita (Luxembourg, $106,023) is not included in the study 
sample.  Based on these comparisons, the subset of countries chosen for this 
study enjoy significantly higher levels of economic development.  Further, 16 of 
the countries not included in the sample have GDP levels comparable to those of 
countries in the study; these countries are outliers among non-sampled 
countries.  The plot on the next page depicts these differences in GDP between 
the two groups of countries. 
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Figure 4.2: GDP Per Capita, U.S. Dollars (2012) 
In the box-and-whisker plots below, the boxes represent the 
interquartile range of the data (25th to 75th percentiles).  In a box-
and-whisker plot, the horizontal lines (whiskers) represent the 
minimum or maximum values in the data set, as long as the 
minimum or maximum values lie within 1.5 times the interquartile 
range beyond either the first or third quartiles.  Data that lie outside 
these parameters are considered outliers and are represented as 
dots.  
 
 
 
Table 4.10: GDP Per Capita, U.S. Dollars 
(Study Sample Versus Non-Sample) 
Statistical Measure Study Sample 
(n = 28) 
Non-Sample 
(n = 162) 
Minimum 10,653 251 
Q1 20,977 1,366 
Median / Q2 39,492 3,959 
Q3 46,721 9,818 
Maximum 100,056 106,023 
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 Below is a table listing the GDP per capita incomes for one-hundred ninety 
countries around the world. 
Table 4.11: GDP Per Capita from Different Countries, U.S. Dollars (2012) 
Countries GDP Per Capita, U.S. 
Dollars (shaded indicates 
part of study sample) 
Rank (1 = highest) 
Luxembourg 106,023 1 
Norway 100,056 2 
Qatar 92,801 3 
Bermuda 84,471 4 
Switzerland 83,295 5 
Macao SAR, China 77,196 6 
Australia 67,869 7 
Denmark 56,253 8 
Sweden 55,072 9 
Singapore 54,007 10 
Kuwait 53,544 11 
Canada 52,283 12 
United States 51,163 13 
Japan 46,838 14 
Austria 46,604 15 
Netherlands 46,073 16 
Ireland 46,032 17 
Finland 45,741 18 
Iceland 44,222 19 
Belgium 43,707 20 
Germany 41,376 21 
Brunei 41,127 22 
United Arab Emirates 40,444 23 
France 39,617 24 
United Kingdom 39,367 25 
New Zealand 38,399 26 
Hong Kong SAR, 
China 36,708 27 
Italy 33,069 28 
Israel 31,537 29 
Spain 28,278 30 
Puerto Rico 27,682 31 
Cyprus 26,352 32 
Saudi Arabia 25,946 33 
Oman 23,385 34 
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Countries GDP Per Capita, U.S. 
Dollars (shaded indicates 
part of study sample) 
Rank (1 = highest) 
Bahrain 23,339 35 
Korea (South) 23,052 36 
Greece 22,494 37 
Equatorial Guinea 22,405 38 
Bahamas, The 22,096 39 
Slovenia 21,947 40 
Malta 21,130 41 
Portugal 20,006 42 
Czech Republic 18,428 43 
Trinidad and Tobago 17,523 44 
Estonia 17,102 45 
Slovak Republic 16,774 46 
Chile 15,363 47 
Barbados 14,917 48 
Uruguay 14,728 49 
Argentina 14,680 50 
Lithuania 14,172 51 
Russian Federation 14,091 52 
Latvia 13,947 53 
St. Kitts and Nevis 13,659 54 
Antigua and Barbuda 13,526 55 
Libya 13,303 56 
Croatia 13,235 57 
Poland 12,820 58 
Venezuela, RB 12,729 59 
Hungary 12,490 60 
Kazakhstan 12,120 61 
Seychelles 11,689 62 
Brazil 11,320 63 
Palau 11,202 64 
Gabon 10,930 65 
Turkey 10,653 66 
Malaysia 10,440 67 
Panama 9,982 68 
Mexico 9,818 69 
Lebanon 9,764 70 
Costa Rica 9,443 71 
Suriname 9,378 72 
Mauritius 8,862 73 
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Countries GDP Per Capita, U.S. 
Dollars (shaded indicates 
part of study sample) 
Rank (1 = highest) 
Romania 8,437 74 
Colombia 7,763 75 
Grenada 7,583 76 
Azerbaijan 7,394 77 
South Africa 7,314 78 
Botswana 7,255 79 
St. Lucia 7,202 80 
Bulgaria 7,198 81 
Dominica 7,182 82 
Turkmenistan 6,798 83 
Belarus 6,722 84 
Iraq 6,632 85 
Iran, Islamic Rep. 6,578 86 
Montenegro 6,514 87 
Peru 6,424 88 
St. Vincent / 
Grenadines 6,339 89 
Maldives 6,244 90 
China 6,093 91 
Dominican Republic 5,871 92 
Namibia 5,770 93 
Serbia 5,666 94 
Ecuador 5,656 95 
Angola 5,540 96 
Thailand 5,480 97 
Jamaica 5,464 98 
Algeria 5,310 99 
Jordan 4,909 100 
Belize 4,857 101 
Macedonia, FYR 4,548 102 
Tonga 4,494 103 
Bosnia and 
Herzegovina 4,410 104 
Albania 4,406 105 
Fiji 4,401 106 
Samoa 4,245 107 
Tunisia 4,198 108 
Tuvalu 4,044 109 
Ukraine 3,873 110 
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Countries GDP Per Capita, U.S. 
Dollars (shaded indicates 
part of study sample) 
Rank (1 = highest) 
El Salvador 3,782 111 
Mongolia 3,691 112 
Paraguay 3,680 113 
Kosovo 3,597 114 
Guyana 3,585 115 
Cabo Verde 3,554 116 
Indonesia 3,551 117 
Georgia 3,529 118 
Marshall Islands 3,508 119 
Armenia 3,354 120 
Guatemala 3,341 121 
Swaziland 3,290 122 
Egypt, Arab Rep. 3,256 123 
Vanuatu 3,161 124 
Micronesia, Fed. Sts. 3,155 125 
Congo, Rep. 3,154 126 
Sri Lanka 2,922 127 
Morocco 2,900 128 
West Bank and Gaza 2,783 129 
Nigeria 2,742 130 
Philippines 2,588 131 
Bolivia 2,576 132 
Bhutan 2,458 133 
Honduras 2,339 134 
Papua New Guinea 2,184 135 
Moldova 2,047 136 
Solomon Islands 1,801 137 
Nicaragua 1,777 138 
Zambia 1,772 139 
Vietnam 1,755 140 
Kiribati 1,736 141 
Uzbekistan 1,719 142 
Sudan 1,698 143 
Ghana 1,646 144 
Djibouti 1,575 145 
India 1,503 146 
Lao PDR 1,408 147 
South Asia 1,406 148 
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Countries GDP Per Capita, U.S. 
Dollars (shaded indicates 
part of study sample) 
Rank (1 = highest) 
Sao Tome and 
Principe 1,400 149 
Cote d'Ivoire 1,366 150 
Yemen, Rep. 1,341 151 
Pakistan 1,252 152 
Cameroon 1,220 153 
Kyrgyz Republic 1,178 154 
Kenya 1,166 155 
Lesotho 1,135 156 
Timor-Leste 1,105 157 
Mauritania 1,043 158 
Chad 1,035 159 
Senegal 1,023 160 
South Sudan 957 161 
Tajikistan 953 162 
Cambodia 945 163 
Zimbabwe 909 164 
Bangladesh 862 165 
Haiti 776 166 
Comoros 767 167 
Benin 751 168 
Nepal 699 169 
Mali 696 170 
Afghanistan 688 171 
Burkina Faso 652 172 
Rwanda 630 173 
Tanzania 609 174 
Mozambique 593 175 
Sierra Leone 590 176 
Togo 589 177 
Guinea-Bissau 576 178 
Uganda 551 179 
Gambia, The 509 180 
Eritrea 504 181 
Guinea 493 182 
Central African 
Republic 479 183 
Ethiopia 472 184 
Congo, Dem. Rep. 446 185 
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Countries GDP Per Capita, U.S. 
Dollars (shaded indicates 
part of study sample) 
Rank (1 = highest) 
Madagascar 445 186 
Liberia 414 187 
Niger 385 188 
Malawi 267 189 
Burundi 251 190 
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CHAPTER 5: DISCUSSION 
 The overall purpose of this dissertation is to explore the relationships 
between socioeconomic variables and academic achievement on international 
standardized tests.  To determine which socioeconomic variables would be of 
greatest interest, a comprehensive review of the literature was conducted on the 
out-of-school factors affecting academic achievement.  By focusing the research 
on 28 OECD countries, the dissertation was able to examine the association 
between each of the 12 identified socioeconomic variables and test scores in the 
following subjects: reading grade 4 (PIRLS) and math and science in grades 4 
and 8 (TIMSS).   
 The inquiry was organized around four major research questions.  Below, 
each of these questions is repeated (from the Introduction), along with the key 
findings related to it.  Under these four general headings, several special topics 
that add additional perspective are included. 
 
Research Question #1 
 To what extent is income inequality associated with average reading 
achievement in fourth grade, and average mathematics and science 
achievement in fourth and eighth grades across countries?   
 Income inequality, as measured by the Gini coefficient, is inversely 
correlated with average test scores in grade 4 science and grade 8 science; 
these correlations are significant at the p < 0.05 level.  This means that countries 
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with greater income disparities have lower average test scores in grade 4 
science and grade 8 science.  No significant relationships were found with 
average reading scores in grade 4, or with average math scores in grades 4 or 8. 
 Average science test scores may have significant associations with Gini 
coefficients because of the challenges of teaching science in elementary school; 
these challenges may reduce the influence of schools (relative to the home 
environment) on children’s knowledge of science.  Teaching science requires 
knowledge of difficult content; since many elementary teachers have not taken 
extensive science courses, they lack the knowledge and confidence to teach this 
material effectively (Appleton and Kindt, 1999; Atwater, Gardner, and Kight, 
1991; Harlen, 1997; Harlen and Holroyd, 1997; Jarvis and Pell, 2004; Palmer, 
2006; van Aalderen-Smeets, Walma van der Molen, and Asma, 2012).  
Moreover, there are school-based factors that discourage elementary teachers 
from teaching science: the materials and preparation needed to teach science 
are greater than in other subjects (Appleton and Kindt, 1999; Bayer Corporation, 
1995; Esquith, 2007), and reading and math are often emphasized by 
standardized tests and school administrators, reducing the amount of time that 
teachers can spend on science (Appleton and Kindt, 1999; Au, 2007; Bayer 
Corporation, 1995; Blank, 2012; Smith, 1991). 
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Research Question #2 
 To what extent is income inequality associated with test score inequality 
across countries? 
 Income inequality is significantly associated with test score inequality 
across all five assessments: reading in grade 4, math in grades 4 and 8, and 
science in grades 4 and 8.  These results indicate that countries with higher 
income inequality have greater disparities in test scores between the top and 
bottom students in their countries.  The relationship between income inequality 
and test score inequality is stronger and more meaningful than the relationship 
between income inequality and average test scores. 
 
Research Question #3 
 What other economic measures correlate with reading, mathematics, and 
science achievement across countries?   
 As with income inequality, other socioeconomic variables have strong 
associations with test score percentile ratios, and weaker associations  with 
average test scores.  Three types of variables that have significant associations 
with test score disparities are those dealing with opportunities for women, early 
childhood factors, and adolescent fertility.  The roles of these three factors are 
described in separate sections, below. 
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- Opportunities for women: Educational attainment and paid maternity leave 
 There are several significant correlations between women’s educational 
levels and average test scores.  The number of years of education for women 
across countries is positively correlated with average test scores in grade 4 
science, and has a positive correlation of borderline significance in grade 8 
science.  The percentage of women with no education is inversely correlated with 
average science test scores in grades 4 and 8, and the percentage of women 
with a tertiary level of education is positively correlated with average math test 
scores in grades 4 and 8.  These findings are supported by previous research 
that has found maternal education to be an important influence on student 
achievement (Bainbridge and Lasley, 2002; Carneiro, Meghir, and Parey, 2013; 
Lugo-Gil, 2008; Shannon and Bylsma, 2002; Sirin, 2005).   
 There are also important associations between women’s education levels 
and test score inequality across countries.  In grade 8 math and science, the 
percentage of women with no education is positively correlated with test score 
inequality, and the percentage of women with a secondary education is 
negatively correlated with test score inequality.  Similarly, the average number of 
years of education for women is negatively correlated with test score inequality in 
grade 8 math and science.  
 However, there is a positive correlation between the percentage of women 
with a tertiary education and reading test score inequality.  A large component of 
the academic experience in college is learning to understand and write about 
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difficult material, which strengthens students’ verbal abilities.  Consequently, 
women who graduate from college are able to expose their children to a broader 
range of vocabulary, which results in increased cognitive development among 
their children (Hart and Risley, 2003; Hoff, 2003; Hoff-Ginsberg, 1998; Tracey 
and Young, 2002).  In the United States, young adults from higher income 
quartiles are more likely to enter and complete college (Bailey and Dynarski, 
2011; Thayer, 2000); these young adults are better able to pass on the 
intellectual advantages of a university education to their children than their 
counterparts from low-income backgrounds.   
 Thus, if there are higher percentages of women with tertiary education in a 
group of countries, the reading test score gap in these countries may be greater 
due to the larger proportion of children whose parents possess a tertiary level of 
education.  In this study, there are six countries with higher percentages of 
women (greater than 24%) with a tertiary level of education: Ireland (31.4%), 
United States (30.6%), Israel (29.1%), Canada (27.4%), Australia (26.3%), and 
New Zealand (24.2%); of these six countries, all but Canada possess above-
average percentile ratios in reading.  These five countries contain some of the 
highest percentages of women with tertiary education in the sample, while also 
possessing above-average percentile ratios in reading, and contribute to the 
correlation between the percentage of women with a tertiary education and test 
score inequality.   
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 Countries that have more generous amounts of paid maternity leave have 
lower test score inequality in reading grade 4 and in science grade 8.  When a 
country mandates paid maternity leave, new mothers from all socioeconomic 
backgrounds get to spend more time with their young children.  Increased 
opportunities for mothers to talk to their children allow mothers to provide the 
verbal stimulation that strengthens their children’s development (Hart and Risley, 
2003). 
 
- Early childhood factors: Low-birthweight babies and preschool education  
 The percentage of low-birthweight babies across countries is positively 
correlated with test score inequality in grade 8 math and science.  Children with 
low-birthweight can have lower IQ’s (Aylward, 2002; Aylward, 2005; Lagerstrom, 
Bremme, Eneroth, and Magnusson, 1991), and increased difficulty learning in 
school (Aylward, 2002; Aylward, 2005; Schneider, Wolke, Schlagmueller, and 
Meyer, 2004); countries with more low-birthweight children have greater test 
score inequality in grade 8. 
 The lack of a significant relationship between the percentage of low-
birthweight babies and average test scores in this study should not detract from 
efforts to increase the accessibility of prenatal care.  As described more fully in 
the Results chapter, a lack of variance in the data among OECD countries may 
partially explain the above finding. 
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 The expected years of preschool education for 3- to 5-year-olds has a 
negative correlation with the percentile test score ratios in grade 4 math and 
science, and in grade 8 math and science.  One reason for this finding is that 
children who attend preschool may have more access to intellectual stimulation, 
which is linked to higher cognitive scores (Bainbridge, Meyers, Tanaka, and 
Waldfogel, 2005; Barnett, 1995; Camilli, Vargas, Ryan, and Barnett, 2010; 
Gormley, Gayer, Phillips, and Dawson, 2005; Magnuson, Meyers, Ruhm, and 
Waldfogel, 2004; Magnuson, Meyers, Ruhm, and Waldfogel, 2005; Rothstein, 
2004).  When countries provide preschool opportunities for all children, they 
ensure that low-income children can access the same kinds of educational 
opportunities as children from high-income families.  However, the availability of 
preschool by itself does not close achievement gaps.  Rather, high-quality 
preschool programs are needed to create lasting educational gains among low-
income children (Cote, 2013; Haskins and Rouse, 2005; Loeb, Fuller, Kagan, & 
Carrol, 2004; Love, et al. 2005; Rothstein, 2004; Vandell, Belsky, Burchinal, 
Steinberg, Vandergrift, and NICHD Early Child Care Research Network, 2010). 
 
- Teen pregnancy: An obstacle to educational achievement 
 Although adolescent fertility rates do not directly measure inequality, 
higher levels of this statistic may both result from and exacerbate socioeconomic 
inequality in a society.  Adolescent fertility rates are negatively correlated with 
average test scores in math and science in grades 4 and 8.  Adolescent fertility 
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rates have a positive correlation with test score inequality in reading, grade 4 
math and science, and grade 8 math.  When teenagers become pregnant, it is 
more difficult for them to pursue their own education, as they struggle to balance 
parenting and attending high school.  To support their child, young mothers may 
have to obtain employment, and potential job opportunities are less lucrative than 
those that require a college degree.  As a result, teenage mothers and their 
children have lower incomes, and often reduced access to health care and good 
schools.   
 Maternal education has been shown to correlate with student 
achievement; mothers who become pregnant while in high school, by definition, 
have a lower level of education than many other mothers.  All of the above 
factors combined can depress academic achievement in children of teenage 
mothers.  At the same time, children with low levels of academic achievement 
are more likely to become pregnant during adolescence, which can perpetuate 
the cycle of poverty and teenage pregnancy across generations (Kirby, 2007). 
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Research Question #4 
 Given the importance of mothers to their children’s education, what 
relationship does gender inequality (as measured by the United Nations’ Gender 
Inequality Index) have with student achievement in reading, mathematics, and 
science?  What is the relationship between measures of economic inequality and 
gender inequality?  
 Countries that have higher levels of gender inequality also have higher 
test score inequality, as shown by significant correlations between the Gender 
Inequality Index and all five of the test score percentile ratios.  There are 
moderate positive associations between the Gender Inequality Index (GII) and 
percentile ratios for PIRLS and grade 8 science, while strong positive 
associations are present between the GII and percentile ratios for grade 4 math, 
grade 4 science, and grade 8 math.   
 There are moderate negative associations of borderline significance 
between the Gender Inequality Index and average science scores in grades 4 
and 8.  The Gender Inequality Index does not share significant associations with 
average test scores in reading or math.   
 Countries with greater income inequality are likely to possess more 
gender inequality, and vice versa; income inequality is probably both a cause and 
an effect of gender inequality.  It is therefore not surprising that income 
inequality, like gender inequality, has moderate negative correlations with 
average science scores in grades 4 and 8.   
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 As described on page 116, the influence of elementary schools on student 
learning may be greater in reading and math than in science.  If this is the case, it 
implies that the home environment is an especially important influence on 
student learning in science. 
 One particular aspect of the home environment that supports this idea is 
maternal education, as measured by the average number of years of schooling 
for women across countries; this variable has moderate positive correlations with 
average test scores in grade 4 science (statistically significant), and grade 8 
science (borderline significance).  The importance of maternal education for 
average science test scores may result from the fact that mothers’ science 
knowledge—and thus their ability to pass along this knowledge—depends more 
on their level of formal schooling than does their basic literacy or knowledge of 
arithmetic.  Young children benefit from learning science through hands-on 
activities that show them how to draw conclusions from physical evidence 
(Esquith, 2007); mothers with higher levels of education may be more able to 
foster a mindset of inquiry in their children (Hoff-Ginsburg, 1998; Tracey and 
Young, 2002), and provide their children with hands-on activities, all of which 
contributes to better understanding of science concepts.  No significant 
correlations were found between the average number of years of schooling for 
women and average test scores in reading or math.    
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The Inequality Triangle 
 Based on the results of this study, there are three salient aspects of 
societal inequality that are examined: Gini coefficients, Gender Inequality Index, 
and test score percentile ratios.  Because these three variables are so closely 
linked with each other, and also with other study variables, I created a graphical 
framework called “The Inequality Triangle” below.  Significant associations are 
shown in the overview tables on page 90 in Chapter 4.  
 
Figure 5.1: The Inequality Triangle 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Gini Coefficients 
Gender Inequality Index Educational Inequality 
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The Index of Socioeconomic Inequality 
 In January of 2015, an important research project, The Iceberg Effect, 
compared educational and societal supports for students and schools with 
educational and societal outcomes among nine of the world’s leading countries; 
this research was jointly conducted by the Horace Mann League and the National 
Superintendents Roundtable.  In The Iceberg Effect, countries are ranked 
according to their performance on relevant measures within a certain category 
(e.g. “social stress”).  Points are then awarded to each country based on the 
rankings within each measure; the points are combined to produce an aggregate 
score for each country for a category. 
 In a similar manner, I have created the Index of Socioeconomic Inequality 
(ISI), an index that tabulates countries’ average rank across multiple variables.  
For the ISI, I chose seven variables that had greater numbers of significant 
associations with student test scores (average or percentile ratios).  These seven 
variables are: Gini coefficients, Gender Inequality Index, percentage of children 
with low birthweight, average number of years of schooling for women 25 years 
and older, number of weeks of paid maternity leave, expected years of education 
for 3- to 5-year-olds, and adolescent fertility rates.  I omitted the following 
variables from the ISI: percentage of health care expenditures funded by the 
government, GDP per capita, the percentage of GDP governments spend on 
family services, and the percentage of GDP governments spend on childcare.  
These variables have lower levels of associations with average test scores and 
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test score percentile ratios, and the only significant relationship is between the 
grade 8 math percentile ratio and GDP per capita.  By omitting these four 
variables, I hope that this index will focus on the variables that are more 
meaningful to this study.   
 To calculate the Index of Socioeconomic Inequality, I assigned each 
country a ranking within each variable, where 1 = best ranking or most equitable, 
and 28 = worst ranking or least equitable.  Low numbers were more favorable for 
four of the variables: Gini coefficient, Gender Inequality Index, percentage of 
children with low birthweight, and adolescent fertility rates; lower numbers for 
these statistics resulted in lower ranks for countries.  High numbers were more 
beneficial in the other three variables: average number of years of schooling for 
women 25 years and older, number of weeks of paid maternity leave, and 
expected years of education for 3- to 5-year-olds; higher numbers for these 
statistics resulted in lower ranks for countries. 
 I then added each country’s rankings for the seven variables in the index, 
and then divided this total by seven.  Consequently, the ISI consists of the 
average ranking for each country across the variables in the index.  A table on 
the next page displays the ISI and its rankings, with lower numbers indicating 
more support for family programs and/or less societal inequality. 
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Table 5.1: The Index of Socioeconomic Inequality 
(1 = best, 28 = worst) 
 
Countries 
Average Rank of 
Countries Among Key 
Socioeconomic 
Variables^ 
Sweden 6.4 
Norway 7.1 
Slovenia 7.4 
Denmark 8.0 
Germany 8.6 
Finland 9.0 
Czech Republic 10.0 
France 11.6 
Netherlands 12.3 
Italy 13.0 
Belgium 13.1 
Korea (South) 13.3 
Ireland 14.6 
Austria 14.9 
Canada 15.0 
Slovak Republic 15.1 
Hungary 15.3 
Japan 15.7 
Poland 16.1 
Spain 16.3 
New Zealand 16.7 
Israel 18.1 
United Kingdom / England 18.4 
Australia 18.6 
Portugal 20.3 
Chile 21.1 
United States 22.0 
Turkey 27.3 
 
^  Variables include: Gini coefficients, Gender Inequality Index, percentage of 
children with low birthweight, average number of years of schooling for women 
25 years and older, number of weeks of paid maternity leave, expected years 
of education for 3- to 5-year-olds, and adolescent fertility rates. 
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 There is only one association of borderline significance between the 
average rank of countries and average test scores: grade 4 science (r = -0.38, p 
= 0.06).  All other associations between average rank and average test scores 
are not significant. 
 As with previous results, the relationships between the average rank of 
countries and the test score percentile ratios are much stronger than with 
average test scores.  One reason for this outcome is that all of the variables in 
the index have significant associations with at least two of the five test score 
percentile ratios.  That being said, the strength of the associations between the 
average rank and the percentile ratios is substantial, as noted in the table below. 
 
Table 5.2: Correlations Among Average Rank of Countries and 
Percentile Ratios (p-values in parentheses) 
 
PIRLS 
G4 
90/10 
Ratio 
TIMSS 
G4 
Math 
90/10 
Ratio 
TIMSS 
G4 
Science 
90/10 
Ratio 
TIMSS 
G8 
Math 
90/10 
Ratio 
TIMSS 
G8 
Science 
90/10 
Ratio 
Average Rank of 
Countries 
0.55 
(0.006) 
0.65 
(< 0.001) 
0.64 
(< 0.001) 
0.81 
(< 0.001) 
0.70 
(0.004) 
Sample Sizes n = 24 n = 25 n = 25 n = 15 n = 15 
  
 The graphs on the next pages plot the five test score percentile ratios with 
the average rank of countries.  There are two findings from these graphs that 
warrant further discussion: 
 1) In all five of the graphs, Norway, Sweden, Finland, and Slovenia are 
clustered in the lower left portion of each graph.  All four of these countries have 
low average ranks, and low test score inequality.  Denmark has a low average 
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rank and low percentile ratios for PIRLS and grade 4 TIMSS, but did not 
participate in grade 8 TIMSS.  A later part of the Discussion will compare these 
five countries in more detail. 
 2) Australia, New Zealand, the U.K., and the U.S. share a common 
language and heritage.  All four of these countries have higher average ranks, 
representing above-average socioeconomic inequality compared to other 
countries in the sample.  Yet the U.S.’s test score ratios are below those of the 
other three countries, and are also below the line of best fit.  These findings will 
be explored further in this study. 
 
Figure 5.2: PIRLS Percentile Ratios vs. Average Rank of Countries 
 
 
 
Sweden
Norway
Slovenia
Denmark
Germany
Finland
Czech Rep.
France
Netherlands
Italy
Belgium
Ireland
Austria
Canada
Slovak Rep.
Hungary
Poland
Spain
New Zealand
Israel
UK/England
Australia
Portugal
USA
1
.3
1
.3
5
1
.4
1
.4
5
1
.5
1
.5
5
5 10 15 20 25 30
Average Rank of Countries Among Key Variables
P
e
rc
e
n
ti
le
 R
a
ti
o
s
 
1
.3
 
1
.3
5
 
1
.4
 
1
.4
5
 
1
.5
 
1
.5
5
 
131 
 
 
 
1
3
1
 
Figure 5.3: TIMSS Grade 4 Math Percentile Ratios vs. 
Average Rank of Countries 
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Figure 5.4: TIMSS Grade 4 Science Percentile Ratios vs. 
Average Rank of Countries 
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Figure 5.5: TIMSS Grade 8 Math Percentile Ratios vs. 
Average Rank of Countries 
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Figure 5.6: TIMSS Grade 8 Science Percentile Ratios vs. 
Average Rank of Countries 
 
 
Sweden
Norway
Slovenia
Finland
Italy
S. Korea
Hungary
Japan
New Zealand
Israel
UK/EnglandAustrali Chile
USA
Turkey
1
.3
1
.4
1
.5
1
.6
1
.7
1
.8
5 10 15 20 25 30
Average Rank of Countries Among Key Variables
P
e
rc
e
n
ti
le
 R
a
ti
o
s
 
1
.3
 
1
.4
 
1
.5
 
1
.6
 
1
.7
 
1
.8
 
135 
 
 
 
1
3
5
 
Differences in Educational Outcomes Within Clusters of Countries 
 Examining differences in educational outcomes among countries with 
similar levels of socioeconomic inequality may prove useful for further research. 
 
Countries with low socioeconomic inequality 
 Denmark, Finland, Norway, and Sweden provide high levels of 
socioeconomic supports to their citizens.  These four Nordic countries share an 
interconnected history, and have above-average levels of GDP combined with 
low socioeconomic inequality.  Yet the test scores of Finland are higher than 
those of the other Nordic countries, and Finnish scores are among the highest in 
the world. 
 The outstanding educational system in Finland has been studied 
extensively, but the systems of Denmark, Norway, and Sweden are less well 
known, since those countries have had less success on international 
assessments.  It makes sense to examine some of the educational practices in 
Finland, to learn how these practices may be transferred to other countries, such 
as the U.S.  A short summary of these practices will be provided later in the 
study. 
 The low average rank held by Slovenia is comparable to those of the 
Nordic countries.  Slovenia’s test scores are below those of Finland and 
Denmark, comparable to those of Sweden, but substantially ahead of Norway’s.  
Yet one difference between Slovenia and these other countries is Slovenia 
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recently became independent (from Yugoslavia in 1991), and Slovenia has one 
of the lower GDP per capita figures in the study sample ($21,947).  It is 
remarkable that Slovenia’s scores are on par with those of the Nordic countries, 
despite Slovenia’s economic disadvantage.  To explore this finding, a short 
discussion of educational reforms in Slovenia during the past twenty years will be 
included later in a separate section, below. 
 The table below shows the GDP per capita figures for the Nordic countries 
and Slovenia. 
Table 5.3: GDP Per Capita from Different Countries, U.S. Dollars (2012) 
 
Countries GDP Per Capita, 
U.S. Dollars  
Rank among countries 
worldwide (1 = highest) 
Norway 100,056 2 
Denmark 56,253 8 
Sweden 55,072 9 
Finland 45,741 18 
Slovenia 21,947 40 
 
 On the next pages are two graphs that display reading, math and science 
test scores (both average and percentile ratios) for the five countries listed 
above.  Slovenia’s average scores and percentile ratios are comparable to those 
of countries with similar societal inequality but higher amounts of GDP per capita. 
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Figure 5.7: Average Test Scores Among Countries 
With Low Socioeconomic Inequality 
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Figure 5.8: Percentile Test Score Ratios Among Countries 
With Low Socioeconomic Inequality
 
 
Countries with higher socioeconomic inequality 
 Australia, New Zealand, the U.K., and the U.S. all possess the same 
cultural and linguistic roots, since Australia, New Zealand, and the U.S. were 
former British colonies.  Despite being some of the world’s most developed 
nations, these four countries have high levels of inequality relative to other 
countries in the sample. 
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Table 5.4: Average Rank of Countries Among Key Socioeconomic Variables 
(1 = best, 28 = worst) 
 
Countries Average Rank 
New Zealand 16.71 
United Kingdom / England 18.43 
Australia 18.57 
United States 22.00 
  
 Although the U.S. has the highest average rank among these four 
countries (and the second-highest overall, behind Turkey), its test score 
percentile ratios are below those of Australia, New Zealand, and the U.K.  
Further, both the U.K. and the U.S. have average test scores above those of 
Australia and New Zealand, despite the fact that Australia’s GDP per capita is the 
highest in the group.  These findings are displayed in the table and graphs below. 
 
Table 5.5: GDP Per Capita from Different Countries, U.S. Dollars (2012) 
 
Countries GDP Per Capita, 
U.S. Dollars  
Rank among countries 
worldwide (1 = highest) 
Australia 67,869 7 
United States 51,163 13 
United Kingdom 39,367 25 
New Zealand 38,399 26 
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Figure 5.9: Average Test Scores Among Countries 
With High Socioeconomic Inequality 
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Figure 5.10: Percentile Test Score Ratios Among Countries 
With High Socioeconomic Inequality 
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more out-of-school assistance to low-income families, so that their children arrive 
to school more ready to learn. 
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CHAPTER 6: COUNTRY PROFILES AND POLICY RECOMMENDATIONS 
 As described in the previous chapter, countries with higher income 
inequality have lower average test scores in grade 4 science and grade 8 
science, and greater test score inequality across all five assessments.  Three 
other types of variables that have significant associations with test score 
disparities are those dealing with opportunities for women, early childhood 
factors, and adolescent fertility.  Each of these three factors is described in 
separate sections in the previous chapter. 
 The Index of Socioeconomic Inequality tabulates each country’s average 
rank across multiple variables and shows that the U.S. has the second-highest 
level of socioeconomic inequality (behind Turkey) among the sampled countries.  
The Nordic countries (Denmark, Finland, Norway, and Sweden), plus Slovenia 
and Germany, have the lowest levels of socioeconomic inequality among 
countries in this study. 
 This chapter examines two outlier countries, Finland and Slovenia, which 
have performed better than expected on the PIRLS and TIMSS tests relative to 
other countries with comparable socioeconomic profiles.  Finland’s test scores 
are among the highest in the world, and are much higher than those of the other 
Nordic countries, although Finland’s GDP per capita is below that of the other 
Nordic countries.  Slovenia, a country with a relatively low GDP per capita, has 
attained scores that are comparable to those of Denmark, Norway, and Sweden, 
yet its GDP per capita is less than half of Finland’s.  By analyzing the factors that 
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may have contributed to remarkably strong educational achievement in Finland 
and Slovenia, this chapter will highlight best practices in these countries that may 
be helpful for U.S. educational reform. 
 
Country Profile: Finland 
 With a population of about 5.5 million, and an area of 130,596 square 
miles, Finland is slightly bigger than New Mexico, but has a much higher GDP 
(256 billion dollars in 2012).  Finland’s winters are harsh, with plenty of snow; in 
southern Finland, the sun is visible for only 6 hours during the shortest day of the 
year, while in northern Finland, there is a period of time called the “polar night” 
when the sun does not appear.  There is a Finnish word, sisu, which means to 
have courage, determination, and perseverance, all of which have been needed 
to survive the climate and rebuild the country after famines and wars in the 
1800’s and 1900’s (Chaker, 2011; Sahlberg, 2011).  
 One of the aims of Finnish society is equality (Kumpulainen and Lankinen, 
2012; Metsamuuronen, Kuosa, and Laukkann, 2013; Tuovinen, 2008); income 
taxes are higher than in many other countries, which allows the government to 
redistribute wealth through social programs.  Finland’s government provides all 
children with free health and dental care, lunch, schooling, school transportation, 
and other materials needed for school (Kumpulainen and Lankinen, 2012).  In 
fact, schools are a primary channel for the government to provide children with 
access to basic health care services in a cost-effective manner.  By detecting 
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problems early, Finland’s health care system reduces and eliminates obstacles 
that may hinder children’s learning in the classroom (Teperi, Porter, Vuorenkoski, 
and Baron, 2009).   
 Finland’s ideals of equal opportunity and early detection are also 
manifested in its approach to providing extra instruction and support to students 
who have learning difficulties.  For example, students in primary school who have 
difficulties in reading, writing, and speaking receive extra instruction during their 
first two years of study, so that they have a solid foundation for further education 
(Laukannen, 2008).  Further, Finland provides extra instruction from a special 
education teacher to a relatively high percentage of students (23%) compared to 
other countries (Center on International Education Benchmarking, 2010).  This 
figure does not mean that Finnish students innately have greater difficulty with 
reading and mathematics, but that Finland provides extra support to more 
students at the lower end of the achievement spectrum.  Finland utilizes a 
detracked approach in lower secondary school, so extra support for struggling 
students is needed so that everyone can learn the same material (Laukannen, 
2008).   
 Since schools provide all children with lunch, the public and parents 
advocate for nutritious school lunches (Tuovinen, 2008).  The U.S. approach to 
school lunch differs, in that some middle- and upper-class children bring lunch 
from home, while many low-income children obtain free or reduced price lunch.  
Although some efforts have been undertaken to improve school lunches in the 
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U.S., many lunches continue to have poor nutritional quality, partly because the 
public and many parents are not invested in this effort. 
 Although Finnish culture espouses individualism and hard work, citizens 
trust the national government to meet the needs of its people on a broader level 
(Metsamuuronen, Kuosa, and Laukkann, 2013; Sahlberg, 2011).  Finland is a 
relatively homogeneous country: 94% of its people speak Finnish as their first 
language, while 6% are native speakers of Swedish (Tuovinen, 2008).  In 
Finland, the trust of the government by its people, and the homogeneity in its 
society, have helped empower the government to create a national curriculum, 
with aims and objectives for all grades and subjects.  National and local 
education officials collaborated on the curriculum and subsequent revisions 
(Kumpulainen and Lankinen, 2012), and a national curriculum for all schools is 
widely accepted in Finnish society.  Local school districts, principals, and 
teachers then have the freedom to determine how they implement the curriculum, 
using local resources to support their lessons (Niemi, 2012).   
 In Finland, teaching is a desirable profession, partly due to the esteem 
and salary given to teachers.  Since many people want to be teachers, there are 
a large number of applicants to university teacher education programs, which 
have acceptance rates of only 10–15%.  Prospective teachers graduate from the 
university with a master’s degree after 5 years (Niemi, 2012).  University teacher 
education programs include classes in specific subjects and educational 
pedagogy; field placements are an important part of these programs as well.  
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Because university teacher education programs partner with schools, field 
placements occur during all five years of study (Niemi, 2012), so that “first-year 
teachers” will have had plenty of classroom experience prior to their first year of 
full-time teaching.  Prospective teachers must write a master’s thesis in their final 
year of university, which develops their skills in inquiry and problem-solving that 
they can use once they begin practicing on their own.  Most importantly, the 
master’s thesis fosters a mindset of self-reflection, inquiry, and improvement, 
which helps teachers become active participants in the intellectual community at 
their school (Jyrhama and Maaranen, 2012; Sahlberg, 2011). 
 Because of the highly selective nature of university teacher education 
programs, teachers in Finland are some of the more talented and hard-working 
people in their society (Sahlberg, 2011).  This circumstance, combined with the 
rigorous nature of teacher education programs, creates high-quality teachers and 
classroom teaching.  In turn, the public trusts teachers to do good work, and the 
national government gives teachers lots of autonomy in designing lessons to 
meet the learning objectives of the national curriculum.  The national government 
uses standardized testing in a formative manner, testing only a random sample 
(approximately 10%) of students in grades 3, 5, 7, and 9, to assess how well the 
curriculum is being delivered.  Since only a sample of students is tested, these 
national assessments are not used to evaluate teachers or students 
(Kumpulainen and Lankinen, 2012).  Local school districts administer their own 
formative assessments as well, which are not used punitively towards students or 
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teachers.  The diagram below depicts the cycle of recruiting and supporting 
excellent teachers in Finland. 
Figure 6.1: How Finland Builds and Supports Excellent Teachers 
 
 
 There is no single program or initiative that is responsible for Finland’s 
educational success.  Rather, the combination of emphasizing equality among its 
citizens, meeting the health care and nutritional needs of students, providing 
adequate facilities in all schools, implementing a national curriculum, and making 
teaching a desirable profession, have helped Finland’s educational system to 
become a paragon internationally.   
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 Nevertheless, there are several obstacles to transferring Finland’s 
educational best practices to other countries.  First, Finland is a homogeneous 
society, with a relatively small population.  This allows the national curriculum to 
be implemented with high levels of acceptance and speed that are not possible in 
larger, more diverse countries, such as the U.S.  Also, it is easier for schools to 
meet the needs of students when there is a high level of homogeneity among 
citizens.  Although a more multicultural population provides a society with 
different perspectives and heritages, it requires that schools and teachers spend 
more time making the curriculum accessible to diverse students, and interacting 
with parents from different linguistic backgrounds. 
 Second, building a corps of excellent teachers, and making teaching a 
desirable profession, are long-term initiatives that must be supported financially, 
with political impetus from the populace.  In Finland, university teacher education 
programs are free for those who are admitted, so teachers do not have to pay 
back massive amounts of student loans once they graduate.  This situation 
contrasts to that of the U.S., where higher education costs and student loan debt 
continue to skyrocket: many college graduates with large amounts of student 
loans cannot afford to become teachers and choose other, more lucrative 
professions.  (Although the U.S. government has established loan forgiveness 
programs for teachers in the U.S., there are restrictions on some of these 
programs.) 
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 Finally, higher tax rates in Finland redistribute funds and services to low-
income families through subsidies and social programs.  These programs, such 
as free health and dental care for children, increase the likelihood that children 
arrive at school ready to learn.  Implementing these initiatives in other countries, 
such as the U.S., requires public support, financial resources, and additional 
infrastructure that are not currently in place. 
 Although the idea of transferring best practices from Finland to other 
countries seems appealing, it is difficult in actuality.  Despite these obstacles, it 
makes sense for policymakers to consider which of Finland’s methods, if any, 
can be brought to other countries at a reasonable cost. 
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Country Profile: Slovenia 
 Slovenia’s strong performance on international standardized tests is 
remarkable, given that it has only been an independent nation since 1991, when 
it declared independence from Yugoslavia.  Currently, Slovenia has 
approximately 2 million people, and its GDP in 2012 was 46 billion dollars.  Given 
that many other OECD countries have larger economies and higher GDP per 
capita figures, the reasons for Slovenia’s strong performance on international 
assessments are worth further examination. 
 Slovenia was the most developed and western-influenced of the former 
Yugoslav Republics, and it had the second-highest literacy rate in Europe in the 
1980’s (Sentocnik and Rupar, 2009).  Slovenia has an area of 7,827 square 
miles (smaller than New Jersey), and borders Croatia, Hungary, Austria, Italy, 
and the Adriatic Sea; there is a diversity of landforms and people in Slovenia.  In 
large part due to its socialist roots, Slovenian society strives for equality of 
educational opportunities among its citizens, so that all citizens possess basic 
skills needed for life (Ivancic, 2008).  Slovenia has low economic inequality, and 
strong governmental support of social programs, as described in the Results and 
Discussion. 
 Slovenia requires that all students attend primary school and lower 
secondary school for 9 years, from ages 6 to 15.  In 1996, the Ministry of 
Education and Sport undertook supervisory responsibilities for the nation’s 
preschool programs, highlighting them as an important means for low-income 
152 
 
 
 
1
5
2
 
children to gain the skills needed for primary school (Ivancic, 2008). 
 After lower secondary school, children enter into one of two types of upper 
secondary school: 1) gimnazija, or general/academic track, or 2) a 
vocational/technical track.  After graduating from upper secondary school, 
students can enter the labor market or continue further studies at the university 
(Tastanoska, 2015; United Nations Educational Scientific and Cultural 
Organization, 2011).   
 In 1990, the first Slovenian minister of education, Peter Vencelj, wanted to 
overhaul the Slovenian education system so that it was comparable to those of 
Western industrialized nations.  Showing great foresight and patience, he 
explained these reforms should be designed carefully, with a longer-term view.  
From 1990 to 1995, the model for school financing was reformed, and overall 
aims for preschool, elementary school, secondary school, and adult education 
were established in 1996 (Plut-Pregelj, 2001).   
 Education is mostly funded by the national government, although 
municipalities provide funds for some of the costs of schooling.  Since 1998, 
approximately 6% of GDP has been spent on education; this figure is an increase 
from 4.76% in 1992 (Slovenia Ministry of Education and Sport, 2009).  This 
increase in spending has helped make class sizes smaller than those in 
countries with comparable levels of GDP (Organisation for Economic 
Cooperation and Development, 2011). 
 In 1995, Slovenia created the National Curriculum Council and National 
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Subject Committees, consisting of teachers, policymakers, and other educational 
experts.  The Council and Committees collaborated to write a national curriculum 
for elementary and secondary schools.  The NCC and NSC surveyed teachers 
about new curriculum ideas, and the new curriculum was implemented in 1999 
and 2000 (Plut-Pregelj, 2001).  However, some teachers complained that their 
advice was solicited but not followed (Plut-Pregelj, 2001).  Although there is a 
strong national curriculum, teachers are encouraged to use creative teaching 
methods to engage students in each subject (Zehr, 2009).   
 In 2008, Slovenia enacted legislation requiring schools to conduct self-
evaluations, using criteria outlined by the Council for Quality and Evaluation.  
These self-evaluations have become the primary method for assessing school 
performance (Brejc, Sardoc, and Zupanc, 2011; Tastanoska, 2015).   
 There are, however, other factors that influence the evaluative process of 
schools and school systems.  For example, the Ministry of Education and Sport 
inspects schools at least once every five years to make sure schools are properly 
delivering the curriculum and meeting the needs of students.  National subject 
exams in grades 6 and 9 inform the Ministry of Education and Sport and school 
officials about student progress.  Prior to 2006, the grade 9 exams heavily 
influenced admissions decisions for upper secondary school, but this is no longer 
the case (Ivancic, 2008; Kalin and Zulijan, 2010).  Principals are the primary 
evaluators of teachers, and they do not use national exam scores to judge 
teacher performance.  Further, data from national exams are not made public, 
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which increases the level of cooperation among schools; regional study groups 
among teachers of the same subject are common (Brejc, Sardoc, and Zupanc, 
2011; Tastanoska, 2015).   
 Teachers in primary and secondary schools are highly qualified, needing 
to hold a master’s degree to start teaching as a beginner or trainee.  For the first 
10 months of their employment, beginning teachers are supervised by a mentor; 
trainees cannot teach independently until they pass a national certification exam 
toward the end of their first year (Tastanoska, 2015).  This set of requirements 
helps ensure that students are learning from competent classroom teachers. 
 Slovenia has invested heavily in the leadership development of school 
principals, who are also called head teachers.  In 1995, Slovenia's Ministry of 
Education and Sport founded the National School for Leadership in Education 
(NSLE) program, which trains principals in school leadership (Sentocnik and 
Rupar, 2009).  Previously, under the former Yugoslavian regime, principals had 
limited, if any training and followed orders from the central government, so the 
NSLE’s initiative was a groundbreaking development (Sentocnik and Rupar, 
2009).  From 2000–2010, there has been an increased emphasis on improving 
the instructional and general leadership capacities of principals (Erculj, 2010).  In 
2003, mentoring programs were developed to match new principals with veterans 
who could provide guidance on administrative and curricular issues (Erculj and 
Pecek, 2009).  The National School for Leadership in Education designs 
professional development workshops and builds capacity for instructional change 
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initiatives in schools, many of which have had a positive impact (Erculj, 2010).  
School councils, consisting of municipal or state representatives, school 
employees, parents, and students (only in upper secondary schools) oversee the 
principal and make any hiring or firing decisions; these councils work on school 
improvement plans as well (Tastanoska, 2015).    
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Policy Recommendations for the U.S. 
 Finland and Slovenia share a number of characteristics that have 
contributed to high academic achievement among their students.  First, both 
countries have low economic and gender inequality, and provide other 
socioeconomic supports to families, as described in the Results and Discussion.  
These circumstances reduce the obstacles that low-income children face, and 
increase the likelihood that these children can maximize their potential in school.  
Finland and Slovenia are small countries, and although Slovenia has greater 
linguistic diversity than Finland, both countries are more ethnically homogeneous 
than the U.S.  Finland and Slovenia have successfully revamped their 
educational systems, in large part by adapting these systems to the social and 
cultural milieus of their countries.   
 In part due to their smaller size and greater homogeneity, Finland and 
Slovenia were able to establish a strong national curriculum in all grades and 
subjects for primary and secondary school.  After this curriculum was 
established, teachers were encouraged to use innovative methods to foster 
learning and interest among students.  National standardized tests are not used 
to evaluate teachers, but rather to inform principals and teachers of how to 
improve instruction.  Standardized testing is limited to a few grade levels, and in 
Finland, only a sample of students is tested. 
 Although the U.S. can attempt to replicate parts of Finland’s or Slovenia’s 
educational system, a more comprehensive societal approach is needed to 
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transform American education.  The U.S. needs to build a culture of collaboration 
and trust among political and economic leaders, school systems, and educators.  
The educational systems in Finland and Slovenia are focused on cooperation 
instead of competition (Sahlberg, 2010); the U.S.’s emphases on standardized 
testing and charter schools run contrary to this approach.  More importantly, the 
U.S. needs to reduce the economic inequality among its population, so that fewer 
children live in poverty.  By adopting the Finnish approach of caring for the whole 
child, the U.S. would be able to lessen the out-of-school obstacles that hinder 
children from learning.  Schools and educators must try to raise academic 
achievement among all students, especially those from low-income backgrounds.  
Their efforts, however, do not absolve the U.S. as a society from trying to 
remediate the dire economic circumstances that impede the growth and 
development of too many children and families. 
 Based on the literature review, the results of this dissertation, and 
characteristics of certain high-performing countries, I am proposing three specific 
policy recommendations that aim to improve the educational prospects of 
children in the U.S.  Although it would be ideal to increase funding for a larger 
number of programs than those listed below, budget constraints make this 
difficult.  Given the current fiscal climate, it is preferable to propose a few ideas 
for improvement rather than several measures that get bogged down due to 
unfeasiblility.   
 
158 
 
 
 
1
5
8
 
 Recommendation #1: Utilize the school setting to deliver wraparound 
services to low-income children and families. 
 Low-income children face a variety of obstacles outside of school that 
hinder their learning.  By creating wraparound services that are delivered through 
the schools (Pre-K to 12th grade), the government can reduce the number of 
obstacles that prevent children from learning effectively.   
 Currently, the U.S. ranks 27th out of the 28 countries in this study in terms 
of the percentage of health care expenditures funded by the government 
(48.2%), which means that private insurance and individuals pay for more than 
half of health care expenses.  American families with very young children who do 
not have access to basic health care services could utilize wraparound services 
located in preschools to obtain physical exams and vaccinations for their 
children, as well as vouchers for appropriate treatment options, such as 
prescription eyeglasses or medicine.  As low-income children get older, they 
would be able to obtain basic health care in elementary and secondary schools.  
This program would be modeled after the approach used in Finland, where 
schools are used as a primary channel to deliver basic health care services. 
 At the secondary level, wraparound services would include access to 
family planning services and counseling, to help adolescents make good choices 
about sexual activity and contraception.  If adolescents are able to delay 
pregnancy, they will be in a better position to succeed academically and pursue 
higher education.  Furthermore, when these individuals decide to have children 
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later in life, their children will be less likely to live in poverty.  Increased access to 
family planning services and counseling may help the U.S. lower its adolescent 
fertility rate, which is the 25th highest (27.4 births per 1,000 women ages 15–19) 
out of the 28 sampled countries.  Results from this study show that higher rates 
of adolescent fertility among countries are negatively associated with average 
test scores in math and science in grades 4 and 8; adolescent fertility rates are 
positively correlated with test score inequality in reading in grade 4, math in 
grades 4 and 8, and science in grade 4. 
 Wraparound services located in the preschools could also hold workshops 
that teach parenting skills to heads-of-households in low-income families.  These 
workshops would empower parents with lower levels of education with the 
knowledge needed to create stimulating home environments for their children 
(Brooks-Gunn and Markman, 2005; Love et al., 2005).  Parents who attended 
these workshops could receive children’s books and educational toys that would 
allow parents to implement what they had learned in the workshops, and would 
provide an incentive for attendance. 
 These workshops might help parents with lower levels of education create 
home environments that are similar to those found in families with highly-
educated parents.  Some of the workshops could be open to parents from all 
socioeconomic backgrounds, so that advantaged and disadvantaged parents can 
share strategies with each other and support each other through the challenges 
of raising a child.  In this study, there is a positive correlation between the 
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percentage of women with a tertiary education and reading test score inequality 
across countries.  Women with a tertiary level of education may provide greater 
verbal stimulation to their children than those with less education, so if there is a 
higher percentage of women with tertiary education in a country, the reading test 
score gap in that country may be greater.  Several previous studies outline the 
importance of verbal stimulation for young children (Hart and Risley, 2003; Hoff, 
2003; Hoff-Ginsberg, 1998; Tracey and Young, 2002).  Pairing advantaged and 
disadvantaged parents in these workshops may help disadvantaged parents 
learn new strategies that may benefit their children. 
 The impetus for incorporating parental education into the wraparound 
services offered by schools is also due to significant correlations between 
educational levels of women in this study and student test scores in math and 
science, as well as strong relationships between maternal education and student 
achievement that were found in the literature (Bainbridge and Lasley, 2002; 
Carneiro, Meghir, and Parey, 2013; Lugo-Gil, 2008; Shannon and Bylsma, 2002; 
Sirin, 2005).  Results from this study show negative correlations between the 
percentage of women with no formal education and average test scores in 
science in grades 4 and 8.  There are also positive correlations between the 
percentage of women with a university education and average scores in math in 
grades 4 and 8 across countries.  The number of years of education for women 
across countries is positively correlated with average test scores in grade 4 
science, and has a positive correlation of borderline significance in grade 8 
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science.   
 There are also important associations between women’s education levels 
and test score inequality across countries.  In grade 8 math and science, the 
percentage of women with no education is positively correlated with test score 
inequality, and the percentage of women with a secondary education is 
negatively correlated with test score inequality.  Similarly, the average number of 
years of education for women is negatively correlated with test score inequality in 
grade 8 math and science.   
 Combined, these comprehensive wraparound services in schools would 
remediate some of the socioeconomic inequality that is present in the U.S., by 
increasing the out-of-school resources that low-income families possess. 
 
 Recommendation #2: Ensure that all publicly funded preschool 
programs can meet a set of uniform quality standards, such as those 
outlined by the National Institute of Early Education Research.  
Dramatically increase preschool access among 3-year-olds, especially for 
low-income children. 
 The National Center for Education Statistics has contracted the National 
Institute of Early Education Research (NIEER) to assess the extent to which 
state-funded preschools are meeting certain national benchmarks.  Currently, 
there are 53 state-funded preschool programs across 40 states.  Some of these 
state-funded programs do not meet the ten benchmarks outlined by the NIEER, 
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as shown in the table below (Barnett, Carolan, Squires, Brown, and Horowitz, 
2015).  Also, there is substantial variation among per-pupil spending across 
states, and 24 of the states do not sponsor programs for 3-year-olds. 
Table 6.1: Percentage of State-Funded Preschool Programs 
That Meet National Benchmarks 
Benchmarks Percentage of Programs 
Meeting Benchmarks (n = 53) 
Comprehensive early learning standards 100.0% 
Bachelor’s degree required for all teachers 56.6% 
Specialized training for Pre-K teachers 84.9% 
Childcare Development Associate 
credential (or equivalent) for assistants 
34.0% 
15 hours per year of in-service training 81.1% 
20 or fewer students per classroom 84.9% 
1:10 or better adult:child ratio 86.8% 
Vision, hearing, health, and at least 1 
support service 
66.0% 
At least 1 meal per day 47.2% 
Site visit at least once every 5 years 60.4% 
 Source: Barnett, Carolan, Squires, Brown, and Horowitz, 2015, p.7. 
 Several improvements are needed to help all state-sponsored preschools 
meet the benchmarks outlined in the above table.  First, higher salaries for 
preschool employees would provide incentives for potential preschool teachers to 
pursue a bachelor’s degree, and for assistants to get a Child Development 
Associate credential (earned through graduating high school and receiving 
training in childcare).  In particular, lower pay for Early Head Start and Head Start 
teachers compared with other preschool programs makes it more difficult for 
Early Head Start and Head Start preschools to recruit teachers with higher levels 
of education (Barnett, 2011).  Financial support for professional development 
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should be increased, so that all teachers and assistants can attend at least 15 
hours of in-service trainings per year. 
 All publicly-funded preschool programs should meet class size 
benchmarks, such as having 20 or fewer students in a classroom, and a 1:10 
ratio of adults to children in each class.  Although the vast majority of state-
funded preschool programs meet these benchmarks, the government needs to 
ensure these benchmarks are met by all publicly funded preschool programs to 
reduce educational inequality.  To help ensure the quality of preschools, 
monitoring of programs should be increased, e.g. through more regular site visits 
by state officials. 
 Finally, the U.S. should dramatically improve access to preschool for low-
income children, especially among 3-year-olds.  The U.S. has the 24th lowest 
number of expected years of preschool education (1.7 years) for 3-to-5-year-olds 
among the 28 countries in this sample.  Results from this study indicate that 
countries with higher expected years of preschool attendance experience lower 
test score inequality in math and science.  Further, preschool attendance has 
been linked to higher cognitive scores throughout the research literature 
(Bainbridge, Meyers, Tanaka, and Waldfogel, 2005; Barnett, 1995; Camilli, 
Vargas, Ryan, and Barnett, 2010; Gormley, Gayer, Phillips, and Dawson, 2005; 
Magnuson, Meyers, Ruhm, and Waldfogel, 2004; Magnuson, Meyers, Ruhm, and 
Waldfogel, 2005; Rothstein, 2004).  Currently in the U.S., there are disparities in 
preschool attendance by income levels, with higher-income children being more 
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likely to attend preschool; these gaps are most prominent among 3-year-olds 
from different income backgrounds (Bainbridge, Meyers, Tanaka, and Waldfogel, 
2005; Barnett, Carolan, Squires, Brown, and Horowitz, 2015).  Although 
increasing access to preschool for low-income students at younger ages may 
cost more than other reforms, the potential long-term benefits of preschool may 
make such an investment worthwhile (Engle et al., 2011; Heckman, 2008; Karoly, 
Kilburn, and Cannon, 2006; Nores, Belfield, Barnett, and Schweinhart, 2005). 
 
 Recommendation #3: Broaden the Family and Medical Leave Act of 
1993 to include six weeks of paid family leave for U.S. workers. 
 The U.S. is the only country in the study without mandatory paid maternity 
leave.  By implementing six weeks of paid family leave for all workers, the U.S. 
would allow new mothers to have a chance to begin bonding with their babies 
and recover from childbirth.  Findings from the present study show that countries 
with higher amounts of paid maternity leave have lower test score inequality in 
reading and grade 8 science, and lower income inequality among citizens.  
Although six weeks would still pale in comparison to what is offered in most of 
the other OECD countries in the study, it would be superior to the current 
situation in the U.S.  Many jobs that pay higher wages allow women to take paid 
time off after childbirth, and women who work in low-wage occupations should 
have a similar opportunity. 
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 Based on differing outcomes in the literature concerning paid maternity 
leave and its impact on educational achievement, as well as the results of this 
study, the first two policy recommendations take precedence over establishing 
paid maternity leave in the U.S.  Further, generating substantial funding 
increases that are needed to implement the first two policy recommendations will 
require enormous political and financial capital, and it is unclear if enough 
support will exist to enact paid maternity leave laws in addition to the programs 
outlined in the other recommendations.  Proponents of lower taxes and many 
businesses would oppose such measures; small businesses, in particular, face 
greater challenges when workers need time off, and may be more adversely 
affected by paid maternity leave initiatives than larger businesses.  In addition, 
enacting paid maternity leave may cause some hiring discrimination against 
women of childbearing age, which could depress employment and wages among 
these women.   
 One way to reduce the amount of discrimination that occurs would be for 
the government to pay the wages of workers utilizing paid maternity leave, rather 
than shifting this cost to the employer.  Under this system, taxes would need to 
be increased, which would be politically unpopular.  Yet higher tax rates for the 
majority of taxpayers may be a more equitable system than having individual 
businesses bear the entire cost of compensating women while they are not 
working.  Alternately, these costs could be passed on to consumers in the form of 
higher prices, if increased taxation were not politically feasible. 
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 Since this dissertation cannot show causality between different variables 
and academic achievement, the recommendations listed here cannot guarantee 
increases in test scores, or reductions in test score inequality.  However, 
implementing these recommendations would bolster the socioeconomic supports 
for families in the U.S., so that these supports are slightly more comparable to 
the family-friendly policies in other OECD nations.  The next section of this 
chapter describes the limitations of this study and opportunities for future 
research. 
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Limitations of This Study and Implications for Future Research 
 This study explored the association of socioeconomic variables with 
different measures of academic achievement in OECD countries.  Since this 
study used country-specific PIRLS and TIMSS data from a single year (2011), 
regression analysis was not possible in this design.  As a result, this study cannot 
determine the existence of causal relationships between variables.  Future 
research could examine longitudinal data of both socioeconomic variables and 
PIRLS and TIMSS test scores in an attempt to define causal relationships among 
variables from this study.  In the future, the first variables that would be 
considered for a regression model would be the ones that had greater numbers 
of significant associations with test score outcomes from this study. 
 This dissertation has used subject matter achievement among fourth- and 
eighth-grade students, as measured by PIRLS and TIMSS test scores, as the 
units of analysis.  Future research could explore the associations between 
socioeconomic variables and students’ problem-solving abilities, which are 
measured by PISA test scores in reading, mathematics, and science among 15-
year-old students.  Multiple regression analyses could be conducted with these 
datasets as well using longitudinal data. 
 Because this study integrates measures of inequality, other 
socioeconomic variables of interest, and student test scores, the sample is 
restricted to countries that participated in PIRLS and TIMSS and are also OECD 
members, since the OECD database is the sole repository for data on relevant 
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socioeconomic variables.  Thus, the findings from this study are based on a 
group of countries that are much more industrialized than many of those outside 
of the sample.  Initiatives to expand data collection in developing countries to 
include socioeconomic measures listed in OECD databases would enable future 
researchers to replicate this study in developing countries.
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APPENDIX: BIVARIATE CORRELATIONS, GRAPHS, AND TABLES 
Measures of Inequality and Student Test Scores 
Gini Coefficients 
 
PIRLS Average Scores vs. Gini Coefficients 
 There is a weak positive association between 2011 PIRLS average test 
scores and Gini coefficients (r = 0.177, p = 0.41, n = 24).  Some countries with 
low Gini coefficients have low test scores (Norway and Belgium), while other 
countries with low Gini coefficients have higher test scores (Denmark and 
Finland).  The U.S. has the second highest average PIRLS score (556), after 
Finland (568) among the sampled countries.  Further, the U.S. has the highest 
Gini coefficient (0.38) among these 24 countries. 
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Figure A.1: PIRLS Average Scores vs. Gini Coefficients 
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TIMSS 4th Grade Math Average Scores vs. Gini Coefficients 
 
 There is a weak negative association between countries’ average fourth-
grade math scores and the Gini coefficient (r = -0.274, p = 0.19, n = 25).  In this 
sample, the two countries with the highest Gini coefficients possess the lowest 
test scores.  Turkey’s Gini coefficient is 0.411, with an average fourth-grade math 
score of 469; the comparable figures for Chile are 0.501 and 462, respectively.  
However, Turkey’s GDP per capita is the lowest in the sample ($10,653), while 
Chile’s is fourth-lowest ($15,363).  South Korea and Japan have the highest 
average scores, at 605 and 585, respectively, within the sample, and possess 
moderate Gini coefficients (0.311 and 0.336). 
Figure A.2: TIMSS 4th Grade Math Average Scores vs. Gini Coefficients 
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TIMSS 4th Grade Science Average Scores vs. Gini Coefficients 
 
 There is a moderate negative association between average achievement 
in fourth grade science and the Gini coefficient that is significant at the p < 0.05 
level (r = -0.407, p = 0.04, n = 25).  Again, the average scores of Turkey (463) 
and Chile (480) are the lowest within the sample.  If these two countries were not 
included in the sample, the association would be even weaker.  South Korea 
continues to have the highest score (587), and Finland possesses the second-
highest (570).  The U.S.’s score is fourth-highest (529), behind Japan (559). 
Figure A.3: TIMSS 4th Grade Science Average Scores vs. Gini Coefficients 
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TIMSS 8th Grade Math Average Scores vs. Gini Coefficients 
 
 The negative association between eighth grade average math scores and 
Gini coefficients is weak among countries (r = -0.392, p = 0.15, n = 15).  Among 
the 15 countries, South Korea has the highest average score (613), with Japan 
having the second-highest (570); both of these countries are outliers, with 
moderate Gini coefficients.  The principal outlier below the line of best fit is Chile, 
with an average score of 416.  The U.S.’s score is 509, slightly behind that of 
Israel (516), but just ahead of England (507).  Two countries with low Gini 
coefficients, Sweden and Norway, had lower than average test scores (484 and 
475, respectively). 
Figure A.4: TIMSS 8th Grade Math Average Scores vs. Gini Coefficients 
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TIMSS 8th Grade Science Average Scores vs. Gini Coefficients 
 
 There is a moderate negative association between eighth grade average 
science scores and Gini coefficients that is stronger than previous associations; 
this finding is significant at the p < 0.05 level (r = -0.543, p = 0.04, n = 15).  The 
dispersion among countries is greater compared to the other TIMSS tests.  Some 
average test scores are located above from the line of best fit: South Korea (560, 
Gini coefficient = 0.311) and Japan (558, Gini coefficient = 0.336); in contrast, 
Norway (494, Gini coefficient = 0.249) and Chile (461, Gini coefficient = 0.501) 
are both below the line of best fit. 
Figure A.5: TIMSS 8th Grade Science Average Scores vs. Gini Coefficients 
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PIRLS Percentile Test Score Ratios vs. Gini Coefficients 
 
 In general, there are stronger associations among inequality of test scores 
and Gini coefficients compared with average test scores and Gini coefficients.  
The inequality of test scores is measured by the 90/10 percentile ratio, in which 
the test score at the ninetieth percentile is divided by the test score at the tenth 
percentile within each country.  (Throughout the remainder of this dissertation, 
“percentile ratios” will be used to mean “90/10 percentile ratios.”)  There is a 
moderate positive association between the percentile ratio and the Gini 
coefficient in fourth grade reading that is significant (r = 0.50, p = 0.01, n = 24). 
 In the study sample, the U.S. possesses the highest Gini coefficient 
(0.380), but has a percentile test score ratio of 1.41, which places it among the 
middle group of countries in terms of reading test score inequality.  Israel has the 
second highest Gini coefficient among the 24 countries (0.376), with a percentile 
ratio of 1.51, which is second-highest after New Zealand (percentile ratio = 1.56, 
Gini coefficient = 0.317). 
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Figure A.6: PIRLS Percentile Test Score Ratios vs. Gini Coefficients
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TIMSS 4th Grade Math Percentile Test Score Ratios vs. Gini Coefficients 
 
 There is a moderate positive association between the percentile ratio of 
fourth grade math scores and Gini coefficients; this association is highly 
significant (r = 0.56, p = 0.004, n = 25).  A cluster of countries is located in the 
lower left region of the graph, indicating they have low Gini coefficients (between 
0.25 and 0.3) and low percentile ratios (1.4 and below).  In the sample, Turkey 
has the highest percentile ratio (1.75) and second-highest Gini coefficient 
(0.411), behind Chile, whose Gini coefficient is 0.501, and which has the second-
highest percentile ratio (1.59).   
 
Figure A.7: TIMSS 4th Grade Math Percentile Test Score Ratios 
vs. Gini Coefficients 
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TIMSS 4th Grade Science Percentile Test Score Ratios vs. Gini Coefficients 
  
 Comparisons between fourth grade math and science scores are similar in 
terms of the relative groupings of countries, and there is a moderately positive 
association between percentile test score ratios and Gini coefficients that is very 
significant (r = 0.53, p = 0.006, n = 25).  The relative position of each country is 
similar in the graphs displaying fourth grade math and science percentile test 
score ratios. 
 
Figure A.8: TIMSS 4th Grade Science Percentile Ratios vs. Gini Coefficients 
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TIMSS 8th Grade Math Test Score Percentile Ratios vs. Gini Coefficients 
 
 Of all the bivariate groupings in this section, eighth grade math percentile 
test score ratios show the strongest association between test score measures 
and Gini coefficients. This strong positive association is significant at the p < 0.01 
level (r = 0.66, p = 0.008, n = 15).  Several countries exhibit similar percentile test 
score ratios across grades in TIMSS assessments.  For example, the U.S. has a 
percentile test score ratio of 1.48 in eighth-grade math, a ratio of 1.44 in fourth-
grade math, and a ratio of 1.46 in fourth-grade science.  In eighth-grade math, 
Turkey has the highest percentile test score ratio (1.94), while Finland has the 
lowest (1.39). 
Figure A.9: TIMSS 8th Grade Math Percentile Ratios vs. Gini Coefficients 
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TIMSS 8th Grade Science Test Score Percentile Ratios vs. Gini Coefficients 
 
 There is a moderate positive association between eighth grade percentile 
test score ratios and Gini coefficients that is significant at the 0.05 level (r = 0.53, 
p = 0.04, n = 15).  The relationship between percentile test score ratios and Gini 
coefficients is similar for eighth grade math and science.  However, Chile has a 
lower percentile ratio for eighth grade science (1.52) compared with math (1.66); 
Chile’s percentile science ratio places it in the middle grouping of countries in this 
statistic.  Among countries with lower Gini coefficients, Sweden has a slightly 
higher percentile ratio for eighth grade science (1.51) compared with math (1.44). 
Figure A.10: TIMSS 8th Grade Science Percentile Ratios 
vs. Gini Coefficients 
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Gender Inequality Index 
 
PIRLS Average Scores vs. Gender Inequality Index 
 
 There is a very weak positive association between 2011 PIRLS average 
test scores and the Gender Inequality Index (r = 0.183, p = 0.39, n = 24).  
Examining these measures for Finland and the U.S. helps explain the absence of 
such an association.  Finland is one of the more equitable countries based on the 
Gender Inequality Index (GII of 0.08, and has the highest average PIRLS score 
(568) of countries in the study.  In contrast, the U.S. is tied for the third highest 
GII score (0.26), but has the second-highest average PIRLS score (556) in the 
sample.  The substantial scattering of data points indicates very little association 
between these two measures. 
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Figure A.11:  PIRLS Average Scores vs. Gender Inequality Index 
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TIMSS 4th Grade Math Average Scores vs. Gender Inequality Index 
 
 There is a weak negative association between TIMSS fourth grade 
average math scores and the Gender Inequality Index (r = -0.325, p = 0.11, n = 
25).  For example, South Korea, Japan, Poland, and New Zealand all have 
similar GII measures (0.13 to 0.16); however, South Korea (605) and Japan (585) 
attained much higher test scores than Poland (481) and New Zealand (486).  
 
Figure A.12: TIMSS 4th Grade Math Average Scores 
vs. Gender Inequality Index 
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TIMSS 4th Grade Science Average Scores vs. Gender Inequality Index 
 
 The weak negative association mentioned for fourth grade average math 
scores and the Gender Inequality Index holds true for average science test 
scores (r = -0.379, p = 0.06, n = 25).  Notwithstanding, Chile and Turkey have the 
highest GII measures (0.37 and 0.36, respectively), and the lowest average 
science scores among the 25 countries (463 and 480, respectively).  There is a 
cluster of countries with low-to-moderate GII indices whose test scores range 
from 510 to 540. 
 
Figure A.13: TIMSS 4th Grade Science Average Scores vs. 
Gender Inequality Index 
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TIMSS 8th Grade Math Average Scores vs. Gender Inequality Index 
  
 The negative association between eighth grade average math scores and 
the Gender Inequality Index is moderate (r = -0.411, p = 0.13, n = 15).  The 
relative rankings of countries in average math scores are similar in fourth and 
eighth grade.  Sweden and Norway have low GII measures (0.06 and 0.07, 
respectively), but also share math scores that are below average (484 and 475).   
 
Figure A.14: TIMSS 8th Grade Math Average Scores vs. Gini Coefficients 
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TIMSS 8th Grade Science Average Scores vs. Gender Inequality Index 
 There is a moderate negative association between eighth grade average 
science scores and the Gender Inequality Index (r = -0.483, p = 0.07, n = 15).  
Notwithstanding, there is a high level of dispersion of countries in the scatterplot.  
Finland, Japan, and South Korea are well above the line of best fit, and Sweden, 
Norway, Italy, and Chile fall substantially below the line.   
 
Figure A.15: TIMSS 8th Grade Science Average Scores vs. Gini Coefficients 
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PIRLS Test Score Percentile Ratios vs. Gender Inequality Index 
 
 Overall, the associations between the percentile test score ratios and the 
Gender Inequality Index are higher than those between average test scores and 
the GII.  The PIRLS percentile test score ratio has a moderate positive 
association with the Gender Inequality Index that is highly significant (r = 0.567, p 
= 0.004, n = 24).  The U.S. is tied for the highest GII measure in the sample 
(0.26), but has a much lower percentile test score ratio than expected (1.41).  
Several countries have low-to-moderate GII values and low-to-moderate 
percentile test score ratios. 
 
Figure A.16: PIRLS Percentile Ratios vs. Gender Inequality Index 
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TIMSS 4th Grade Math Test Score Percentile Ratios vs. Gender Inequality 
Index 
 There is a strong, highly significant positive association between the 
TIMMS fourth-grade math percentile test score ratios and the Gender Inequality 
Index (r = 0.770, p < 0.001, n = 25).  There is a high level of clustering of 
countries around the line of best fit.  The Netherlands has the lowest GII measure 
(0.05) and lowest percentile ratio (1.29) from the sample.  Similarly, Turkey has 
the highest GII value (0.37), and the highest percentile ratio (1.75).  As with the 
PIRLS, the U.S.’s percentile ratio (1.44) is below what is suggested by the line of 
best fit based on its GII measure (0.26). 
Figure A.17: TIMSS Grade 4 Math Percentile Ratios 
vs. Gender Inequality Index 
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TIMSS 4th Grade Science Test Score Percentile Ratios vs. 
Gender Inequality Index 
 
 There is a strong positive association between fourth grade science 
percentile test score ratios and the Gender Inequality Index that is significant at 
the 0.001 level (r = 0.712, p < 0.001, n = 25).  The Nordic countries (Finland, 
Norway, Denmark, and Sweden), have relatively low GII measures and low 
percentile ratios.  The Netherlands, South Korea, Belgium, Finland, and Japan 
enjoy the lowest fourth grade percentile test score ratios. 
 
Figure A.18: TIMSS Grade 4 Science Percentile Ratios 
vs. Gender Inequality Index 
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TIMSS 8th Grade Math Test Score Percentile Ratios vs. Gender Inequality 
Index 
 
 The strong positive association between the eighth grade math percentile 
test score ratios and the Gender Inequality Index (r = 0.778, p < 0.001, n = 15) is 
the strongest association between test scores and any of the GII measures and 
is significant at the 0.001 level.  Finland, Norway, Sweden, and Slovenia possess 
a combination of very low GII measures (< 0.08) and low test score ratios (1.44 
and below).  The U.S. has a percentile ratio that is lower than what is expected 
(1.48, given its GII value of 0.26), while Israel is characterized by a higher 
percentile ratio than expected (1.67, with a GII value of 0.14).  Countries such as 
Japan, South Korea, Australia, New Zealand, and the U.K. possess moderate 
levels of both attributes.  Turkey maintains the highest percentile ratio (1.94), with 
the highest GII level in the sample (0.37). 
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Figure A.19: TIMSS Grade 8 Math Percentile Ratios 
vs. Gender Inequality Index  
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TIMSS 8th Grade Science Test Score Percentile Ratios vs. 
Gender Inequality Index 
 There is a moderate positive association between the eighth grade 
science percentile ratios and the Gender Inequality Index that is significant at the 
0.05 level (r = 0.586, p = 0.02, n = 15).  Finland has the most salient combination 
of a low percentile test score ratio (1.35) and GII measure (0.08) of the countries 
in the sample.  There are varying test score ratios at different levels of the 
Gender Inequality Index.  Again, Israel and Turkey have higher percentile ratios 
that are above the line of best fit (1.63 and 1.76, respectively), while Finland 
(1.35), Japan (1.42), and South Korea (1.43) have ratios below the line of best fit. 
Figure A.20: TIMSS Grade 8 Science Percentile Ratios 
vs. Gender Inequality Index 
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Parental Characteristics 
Average Scores vs. Maternal Education Level 
 
Table A.1: Correlations between Average Test Scores and 
Percent of Women by Highest Education Level (p-values in parentheses) 
 
Percent of 
Women by 
Highest 
Education 
Level 
PIRLS G4 
Averages 
TIMSS G4 
Math 
Averages 
TIMSS G4 
Science 
Averages 
TIMSS G8 
Math 
Averages 
TIMSS G8 
Science 
Averages 
None -0.33 
(0.12) 
-0.32 
(0.12) 
-0.55** 
(0.004) 
-0.47 
(0.08) 
-0.68** 
(0.006) 
Primary Only -0.24 
(0.26) 
-0.27 
(0.19) 
-0.39 
(0.05) 
-0.31 
(0.25) 
-0.35 
(0.20) 
Secondary 
Only 
0.22 
(0.31) 
0.13 
(0.55) 
0.38 
(0.06) 
0.17 
(0.55) 
0.38 
(0.16) 
Tertiary Only 0.19 
(0.37) 
0.43* 
(0.03) 
0.32 
(0.12) 
0.57* 
(0.03) 
0.48 
(0.07) 
Sample sizes 24 25 25 15 15 
* p < 0.05; ** p < 0.01 
 
 
Table A.2: Correlations between Average Test Scores and 
Average Years of School for Women 25 Years and Older 
 
 
PIRLS G4 
Averages 
TIMSS G4 
Math 
Averages 
TIMSS G4 
Science 
Averages 
TIMSS G8 
Math 
Averages 
TIMSS G8 
Science 
Averages 
Average 
Years of 
School for 
Women 25+ 
Years 
0.30 
(0.16) 
0.28 
(0.18) 
0.45* 
(0.02) 
0.37 
(0.17) 
0.51 
(0.05) 
Sample sizes 24 25 25 15 15 
* p < 0.05; ** p < 0.01 
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Table A.3: Correlations between Test Score Percentile Ratios and 
Percent of Women by Highest Education Level (p-values in parentheses) 
 
Percent of 
Women by 
Highest 
Education 
Level 
PIRLS G4 
90/10 
Ratio 
TIMSS G4 
Math 
90/10 
Ratio 
TIMSS G4 
Science 
90/10 
Ratio 
TIMSS G8 
Math 
90/10 
Ratio 
TIMSS G8 
Science 
90/10 
Ratio 
None 0.05 
(0.82) 
0.37 
(0.07) 
0.44* 
(0.03) 
0.80** 
(< 0.001) 
0.71** 
(0.003) 
Primary Only -0.08 
(0.70) 
0.25 
(0.24) 
0.29 
(0.16) 
0.49 
(0.06) 
0.33 
(0.22) 
Secondary 
Only 
-0.23 
(0.27) 
-0.29 
(0.16) 
-0.36 
(0.07) 
-0.72* 
(0.002) 
-0.63* 
(0.01) 
Tertiary Only 0.50* 
(0.01) 
-0.12 
(0.56) 
-0.11 
(0.60) 
-0.25 
(0.38) 
-0.10 
(0.73) 
Sample sizes 24 25 25 15 15 
* p < 0.05; ** p < 0.01 
 
Table A.4: Correlations between Test Score Percentile Ratios and 
Average Years of School for Women 25 Years and Older 
 
 
PIRLS G4 
90/10 
Ratio 
TIMSS G4 
Math 
90/10 
Ratio 
TIMSS G4 
Science 
90/10 
Ratio 
TIMSS G8 
Math 
90/10 
Ratio 
TIMSS G8 
Science 
90/10 
Ratio 
Average 
Years of 
School for 
Women 25+ 
Years 
0.19 
(0.38) 
-0.29 
(0.16) 
-0.37 
(0.07) 
-0.67** 
(0.006) 
-0.53* 
(0.04) 
Sample sizes 24 25 25 15 15 
* p < 0.05; ** p < 0.01 
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Variables That Affect Children’s Experience Before Kindergarten 
Percentage of Children With Low-Birthweight  
PIRLS Average Scores vs. Percentage of Low-Birthweight Babies 
 There is no association between average PIRLS test scores and the 
percentage of low-birthweight babies across countries in the sample (r = -0.133, 
p = 0.54, n = 24).  The Scandinavian countries and Ireland have the lowest 
percentage of low-birthweight babies in the sample.  Finland’s combination of the 
highest average PIRLS score (568) with only 4.3% of babies being classified as 
low-birthweight is salient.  Sweden has a moderately average PIRLS score (542) 
in conjunction with 4.2% of babies having low-birthweight.  However, Norway has 
the fifth-lowest percentage of low-birthweight babies (5.4%), but the second-
lowest PIRLS score (507). 
 The U.S. has one of the higher percentages of low-birthweight babies 
(8.2%) but also the second-highest average PIRLS scores in the sample (556).  
The U.K./England has a moderate percentage of low-birthweight babies (6.9%) 
and is tied with Ireland for the fourth-highest PIRLS score (552).  Belgium has the 
same percentage of low-birthweight babies as the U.K./England (6.9%) but a 
much lower PIRLS score (506). 
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Figure A.21: PIRLS Average Scores vs. 
Percentage of Low-Birthweight Babies 
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TIMSS 4th Grade Math Average Scores vs. Percentage of 
Low-Birthweight Babies 
 
 There is no association between average fourth-grade math scores and 
the percentage of low-birthweight babies across countries in the sample (r = -
0.093, p = 0.66, n = 25).  The scattering of country plots in the graph 
demonstrates this finding.  Two outliers are South Korea (5.0% low-birthweight, 
605 TIMSS score) and Japan (9.6%, 585).  These two countries have the highest 
fourth grade math scores, but vastly different percentages of low-birthweight 
babies.  Two countries with low test scores, Chile (462) and Turkey (469), have 
different percentages of low-birthweight babies (5.8 and 11.0, respectively). 
Figure A.22: TIMSS 4th Grade Math Average Scores vs. 
Percentage of Low-Birthweight Babies 
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TIMSS 4th Grade Science Average Scores vs. Percentage of Low-
Birthweight Babies 
 
 There is a weak negative relationship between average science scores for 
fourth-graders and the percentage of low-birthweight babies across countries in 
the study (r = -0.205, p = 0.33, n = 25).  South Korea (587 TIMSS score, 5.0% 
low-birthweight) and Finland (570 TIMSS score, 4.3% low-birthweight) are 
outliers with high scores and smaller percentages of low-birthweight babies.  In 
contrast, Japan has the third highest score (559) but a greater percentage of low-
birthweight babies (9.6%) 
 Other Scandinavian countries have smaller percentages of low-birthweight 
babies but attained lower average test scores than Finland.  Sweden (533 TIMSS 
score, 4.2% low-birthweight), Denmark (528, 5.2%), and Norway (494, 5.4%) 
highlight this finding.  In fact, the measures for Chile (480, 5.8%) differ little from 
those of Norway.  Turkey has the highest percentage of low-birthweight babies 
(11.0%) and the lowest average score (463). 
 The U.S. has the fourth-highest average score (544) despite its being tied 
with Portugal for having the fourth-highest percentage of low-birthweight babies 
(8.2%). 
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Figure A.23: TIMSS 4th Grade Science Average Scores vs. 
Percentage of Low-Birthweight Babies 
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TIMSS 8th Grade Math Average Scores vs. Percentage of Low-Birthweight 
Babies 
 
 There is no association between average eighth-grade math scores and 
the percentage of low-birthweight babies across countries in the sample (r = -
0.030, p = 0.91, n = 15).  Two outliers with the highest test scores differ in terms 
of the percentage of low-birthweight babies: South Korea (613 TIMSS, 5.0% low-
birthweight), and Japan (570, 9.6%).  For 11 of the 15 countries, there is little 
variation in average eighth-grade math scores, with 11 of the 15 countries 
clustered between 475 and 516.  Chile has the lowest score (416), with a 
moderately small percentage of low-birthweight babies (5.8%), while Turkey has 
the second lowest score (452), with the highest percentage of low-birthweight 
babies (11.0%). 
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Figure A.24: TIMSS 8th Grade Math Average Scores 
vs.  Percentage of Low-Birthweight Babies 
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TIMSS 8th Grade Science Average Scores vs. Percentage of Low-
Birthweight Babies 
 
 As with other TIMSS tests, there is no relationship between average 
eighth grade science scores and the percentage of low-birthweight babies among 
sampled countries (r = -0.10, p = 0.71, n = 15).  The Scandinavian countries 
studied have small percentages of low-birthweight babies but different test 
scores: Finland (552 TIMSS, 4.3% low-birthweight), Sweden (509, 4.2%), and 
Norway (494, 5.4%).   
 Slovenia’s eighth grade average science score (543) is higher than its 
scores in other tests, and it has a moderate percentage of low-birthweight babies 
(6.2%).  The U.S. has the sixth-highest average score (525) and the fourth-
highest percentage of low-birthweight babies (8.2%) among the 15 countries. 
 The Asian countries continue to have the highest test scores, but varying 
percentages of low-birthweight babies: South Korea (560 TIMSS, 5.0% low-
birthweight), and Japan (558, 9.6%).  Chile (461, 5.8%) and Turkey (483, 11.0%) 
have the lowest scores, the lowest GDP per capita among the 15 countries, and 
very different levels of low-birthweight babies. 
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Figure A.25: TIMSS 8th Grade Science Average Scores vs. 
Percentage of Low-Birthweight Babies 
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PIRLS Test Score Percentile Ratios vs. Percentage of Low-Birthweight 
Babies 
 
 There is no association between the PIRLS percentile test score ratios 
and the percentage of low-birthweight babies across countries (r = 0.178, p = 
0.41, n = 24).  The majority of countries have test score ratios between 1.35 and 
1.45, with varying percentages of low-birthweight babies.   
 New Zealand (1.56 PIRLS percentile ratio, 5.9% low-birthweight) and the 
Netherlands (1.29, 6.5%) have the highest and lowest test score ratios, but 
comparable levels of low-birthweight babies.   
 The Scandinavian countries are grouped together with low test score 
ratios and smaller percentages of low-birthweight babies: Finland (1.33, 4.3%), 
Denmark (1.35, 5.2%), Sweden (1.36, 4.2%), and Norway (1.37, 5.4%).   
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Figure A.26: PIRLS Percentile Ratios vs. 
Percentage of Low-Birthweight Babies 
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TIMSS 4th Grade Math Test Score Percentile Ratios vs. Percentage of 
Low-Birthweight Babies  
 
 There is a weak positive association between the percentile ratios of 
fourth grade math scores and the percentage of low-birthweight babies among 
countries (r = 0.368, p = 0.07, n = 25).  For instance, Turkey has the highest test 
score ratio (1.75) and the largest percentage of low-birthweight babies (11.0).  
Japan has one of the lower percentile ratios (1.37) but the second-highest 
percentage of low-birthweight babies (9.6%).  The U.S. is tied with Portugal for 
the fifth-highest percentage of low-birthweight babies (8.2%) and has a moderate 
percentile ratio (1.44).   
 The Netherlands has the lowest percentile ratio (1.29) and a moderate 
percentage of low-birthweight babies (6.5%).  Belgium, Germany, and Austria 
also have low test score ratios with moderate percentages of low-birthweight 
babies.  The Scandinavian countries (Finland, Denmark, Sweden, and Norway 
are grouped together, with below-average percentile ratios and smaller 
percentages of low-birthweight babies. 
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Figure A.27:  TIMSS 4th Grade Math Percentile Ratios vs. 
Percentage of Low-Birthweight Babies 
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TIMSS 4th Grade Science Test Score Percentile Ratios vs. Percentage of 
Low-Birthweight Babies  
 
 As with fourth grade math scores, there is a weak positive association 
between the percentile ratios of fourth grade science scores and the percentage 
of low-birthweight babies (r = 0.360, p = 0.08, n = 25).  Several countries have 
test score ratios between 1.4 and 1.5 but have widely varying levels of low-
birthweight babies.  The Netherlands has the lowest test score ratio (1.30) and a 
moderate percentage of low-birthweight babies (6.5%).   
 Finland is the foremost country in the lower-left part of the graph (1.34 
percentile TIMSS ratio, 4.3% low-birthweight).  Sweden has a comparable 
percentage of low-birthweight babies (4.2%) but a higher percentile ratio (1.44).  
 New Zealand has the second-highest percentile ratio (1.58) despite having 
the eighth-smallest percentage of low-birthweight babies (5.9%).  The U.S. has 
an above-average test score ratio (1.46) and is tied with Portugal for having the 
fifth-highest percentage of low-birthweight babies (8.2%).   
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Figure A.28: TIMSS 4th Grade Science Percentile Ratios vs. 
Percentage of Low-Birthweight Babies 
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TIMSS 8th Grade Math Test Score Percentile Ratios vs. Percentage of Low-
Birthweight Babies  
 There is a strong, very significant positive association between the 
percentile ratios of eighth grade math test scores and the percentage of low-
birthweight babies among countries (r = 0.649, p = 0.009, n = 15).  Turkey has 
the highest combination of these measures (1.94 TIMSS percentile ratio, 11.0% 
low-birthweight), while Finland has the lowest (1.39, 4.3%).  The U.S. and Japan 
are outliers, with the U.S. having a moderate percentile ratio (1.48) while having 
the fourth-highest percentage of low-birthweight babies; Japan has a similar ratio 
(1.47), despite possessing the second-highest percentage of low-birthweight 
babies (9.6%).   
Figure A.29: TIMSS 8th Grade Math Percentile Ratios vs. 
Percentage of Low-Birthweight Babies
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TIMSS 8th Grade Science Test Score Percentile Ratios vs. Percentage of 
Low-Birthweight Babies  
 A moderately positive significant association exists between the eighth 
grade science percentile test score ratios and the percentage of low-birthweight 
babies (r = 0.584, p = 0.02, n = 15).  Again, Turkey has the highest percentile 
ratio (1.76) and the highest percentage of low-birthweight babies (11.0%).  
Finland continues to have the lowest ratio (1.35) and the smallest percentage of 
low-birthweight babies (4.3%).  Japan is a substantial outlier, having the second-
lowest ratio (1.42) and the second-highest percentage of low-birthweight babies 
(9.6%).  The U.S. has the fourth-highest percentage of low-birthweight babies 
(8.2%) and a moderate test score ratio (1.50).   
Figure A.30: TIMSS 8th Grade Science Percentile Ratios 
vs. Percentage of Low-Birthweight Babies 
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Number of Weeks of Paid Maternity Leave 
 
PIRLS Average Scores vs. Number of Weeks of Paid Maternity Leave 
(full-week equivalent)2 
  
 There is no association between PIRLS average scores and the number 
of weeks of paid maternity leave across countries (r = 0.07, p = 0.73, n = 24).  
Finland has the highest PIRLS score (568) with a relatively high number of 
weeks of paid maternity leave (42.4).  The U.S. has the second-highest PIRLS 
score (556), but does not have any laws mandating paid maternity leave, 
resulting in a score of zero weeks in this measure.  Countries are scattered 
throughout the plot in terms of both test scores and number of weeks of paid 
maternity leave. 
  
                                            
2
  To standardize this measure across countries, the number of weeks will be multiplied by the 
wage  replacement rate to get the “full-rate equivalent” number of weeks of paid leave (OECD, 
2013).  This standardized measure will be called “Number of Weeks of Paid Maternity Leave” 
throughout the study. 
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Figure A.31: PIRLS Average Scores vs. 
Number of Weeks of Paid Maternity Leave 
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TIMSS 4th Grade Math Average Scores vs. Number of Weeks of 
Paid Maternity Leave 
 
 There is no association between average fourth grade math scores and 
the number of weeks of paid maternity leave across countries (r = -0.045, p = 
0.83, n = 25).  South Korea has the highest average score (605) with a moderate 
number of weeks of paid maternity leave (27.4).  Likewise, Japan has the second 
highest score (585) with an average of 27.4 weeks of paid maternity leave.  Chile 
gives its citizens a similar number of weeks of paid maternity leave (30.0) but has 
the lowest test score (462).  Results are scattered throughout the plot both in 
terms of test scores and number of weeks of paid maternity leave. 
Figure A.32: TIMSS 4th Grade Math Average Scores vs. 
Number of Weeks of Paid Maternity Leave 
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TIMSS 4th Grade Science Average Scores vs. Number of Weeks of 
Paid Maternity Leave 
 
 There is a weak positive association between average fourth grade 
science scores and the number of weeks of paid maternity leave across 
countries (r = 0.292, p = 0.16, n = 25).  Finland has the second-highest average 
score (570), with an above-average number of weeks of paid maternity leave 
(42.4).  However, Finland’s neighbor, Sweden, has even more weeks of paid 
maternity leave (48.0) but a lower score (533).  The U.S. has the fourth-highest 
score (544) despite having no mandated weeks of paid maternity leave. 
 Slovenia and Australia have similar test scores (520 and 516, 
respectively), but vastly different amounts of paid maternity leave (52.1 and 1.8 
weeks, respectively).   
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Figure A.33: TIMSS 4th Grade Science Average Scores vs. 
Number of Weeks of Paid Maternity Leave 
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TIMSS 8th Grade Math Average Scores vs. Number of Weeks of 
Paid Maternity Leave 
 
 There is no association between eighth grade average math scores and 
the number of weeks of paid maternity leave (r = 0.048, p = 0.87, n = 15).  
Slovenia, Hungary, Australia, and the U.S. differ in terms of the number of weeks 
of paid maternity leave but have similar test scores (around the average of the 
countries studied).  South Korea, Japan, Italy, Norway, and Chile all have 
comparable rates of weeks of paid maternity leave; however, South Korea and 
Japan have much higher scores than the other countries, and Italy and Norway 
have higher scores than Chile. 
Figure A.34: TIMSS 8th Grade Math Average Scores vs. 
Number of Weeks of Paid Maternity Leave 
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TIMSS 8th Grade Science Average Scores vs. Number of Weeks of 
Paid Maternity Leave 
 
 No association exists between eighth grade average science scores and 
the number of weeks of paid maternity leave (r = 0.191, p = 0.50, n = 15).  Again, 
South Korea and Japan have the highest scores (560 and 558, respectively), 
with a moderate number of weeks of paid maternity leave (27.4 and 31.3, 
respectively).  Norway has a comparable number of weeks (32.0) but a lower 
average science score (494).  Slovenia has the highest number of weeks of paid 
maternity leave (52.1) and the fourth-highest test score (543).  The U.S. has an 
above-average test score (525) and no weeks of paid maternity leave. 
Figure A.35: TIMSS 8th Grade Science Average Scores vs. 
Number of Weeks of Paid Maternity Leave 
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PIRLS Test Score Percentile Ratios vs. Number of Weeks of Paid Maternity 
Leave 
 
 There is a moderate negative association that is significant at the 0.05 
level between the percentile ratios of PIRLS test scores and the number of 
weeks of paid maternity leave (r = -0.477, p = 0.02, n = 24).  New Zealand has 
the highest percentile ratio (1.56) and the third-lowest number of weeks of paid 
maternity leave (6.5).  The U.S. has a moderately high test score ratio (1.41) and 
no weeks of mandated paid maternity leave.   
 Hungary has the fifth-highest test score ratio (1.46) and the fourth-highest 
number of weeks of paid maternity leave (45.2).  The Netherlands has the lowest 
percentile ratio (1.29) and a moderate amount of paid maternity leave (20.8).  
Finland has the sixth-highest number of weeks of paid maternity leave (42.4) and 
the second-lowest percentile ratio (1.33). 
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Figure A.36: PIRLS Percentile Ratios vs. vs. 
Number of Weeks of Paid Maternity Leave
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TIMSS 4th Grade Math Test Score Percentile Ratios vs. Number of Weeks of 
Paid Maternity Leave 
 There is a weak negative association between the number of weeks of 
paid maternity leave and the percentile ratio of fourth grade math scores (r = -
0.259, p = 0.21, n = 25).  Turkey has the highest percentile ratio (1.75) with the 
fourth-lowest number of weeks of paid maternity leave (10.7).  However, Belgium 
has a slightly higher number of weeks of paid maternity leave (13.5) but the 
second-lowest test score ratio (1.32). 
 The Netherlands has the lowest test score ratio (1.29) and a moderate 
number of weeks of paid maternity leave (20.8).  Chile has more generous paid 
maternity leave (30.0 weeks) but has the second-highest percentile ratio (1.59).   
Figure A.37: TIMSS 4th Grade Math Percentile Ratios vs. 
Number of Weeks of Paid Maternity Leave 
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TIMSS 4th Grade Science Test Score Percentile Ratios vs. Number of 
Weeks of Paid Maternity Leave 
 
 There is a weak negative association between the percentile ratios of 
fourth grade science scores and the number of weeks of paid maternity leave (r = 
-0.300, p = 0.15, n = 25).  As with fourth grade math, Turkey has the highest test 
score ratio (1.75) and the fourth-fewest number of weeks of paid maternity leave 
(10.7).  The U.S. has a much lower ratio (1.44) without mandating paid maternity 
leave.  Slovakia and Slovenia have comparable ratios (1.45 for both) with the 
U.S. but much greater numbers of weeks of paid maternity leave (43.3 and 52.1, 
respectively).   
 In addition to having high science scores, the test score ratios of Japan 
(1.34) and South Korea (1.33) are low; both countries have moderate levels of 
maternity leave (31.3 and 27.4 weeks, respectively).  Finland and Belgium have 
equal ratios (1.34) but Finland has more paid maternity leave (42.4 versus 13.5 
weeks). 
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Figure A.38: TIMSS 4th Grade Science Percentile Ratios vs. 
Number of Weeks of Paid Maternity Leave
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TIMSS 8th Grade Math Test Score Percentile Ratios vs. Number of Weeks of 
Paid Maternity Leave 
 
 There is a moderate negative association between eighth grade math 
percentile test score ratios and the number of weeks of paid maternity leave 
among sampled countries (r = -0.446, p = 0.10, n =15).  Turkey has the greatest 
percentile ratio (1.94) with the fourth-fewest number of weeks of paid maternity 
leave (10.7).  Among the 15 countries, the U.S. has a moderate test score ratio 
(1.48) with zero weeks of paid maternity leave.  Sweden and Slovenia have 
slightly lower ratios (1.44 for both) but have more generous maternity leave 
programs (48.0 and 52.1 weeks, respectively).  However, Hungary has a high 
test score ratio (1.59) despite having 45.2 weeks of paid maternity leave.  Finland 
has the lowest ratio (1.39) with the fourth-highest number of weeks of paid 
maternity leave (42.4). 
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Figure A.39: TIMSS 8th Grade Math Percentile Ratios vs. 
Number of Weeks of Paid Maternity Leave 
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TIMSS 8th Grade Science Test Score Percentile Ratios vs. Number of 
Weeks of Paid Maternity Leave 
 
 The moderately negative significant association between the percentile 
ratios of eighth grade science scores and the number of weeks of paid maternity 
leave is stronger than any of the previous associations in this category (r = -
0.526, p = 0.04, n = 15).  Turkey has the highest percentile ratio (1.76) with the 
fourth-lowest level of maternity leave (10.7 weeks).  Israel has the second-
highest ratio (1.63) with 14.0 weeks of paid maternity leave.  Finland has the 
lowest test score ratio (1.35) with the fourth-highest number of weeks of paid 
maternity leave (42.4).  Sweden has more weeks of paid maternity leave (48.0) 
but a higher percentile ratio in science (1.51).  Low test score ratios are held by 
Japan (1.42) and South Korea (1.43), each of which have moderate numbers of 
weeks of paid maternity leave (3.13 and 27.4, respectively).  Slovenia also has a 
percentile ratio of 1.43 and the greatest number of weeks of paid maternity leave 
(52.1).    
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Figure A.40: TIMSS 8th Grade Science Percentile Ratios vs. 
Number of Weeks of Paid Maternity Leave 
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Expected Years of Education for 3- to 5-Year-Olds 
 
PIRLS Average Scores vs. Expected Years of Education for 3- to 5-Year-
Olds 
 
 There is a weak negative association between PIRLS average scores and 
the expected years of education for 3- to 5-year-olds (r = -0.346, p = 0.10, n = 
24).  Finland has the highest average score (568) with a moderate number of 
years of education for 3- to 5-year-olds (2.2).  However, several countries 
average three years of education but have the lowest reading scores: France 
(520), Spain (513), and Belgium (506).  Norway has an average of 2.8 years of 
education with the second-lowest score of (507). 
Figure A.41:  PIRLS Average Scores vs. 
Expected Years of Education for 3- to 5-Year-Olds 
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TIMSS 4th Grade Math Average Scores vs. Expected Years of Education 
for 3- to 5-Year-Olds 
 There is a very weak positive association between the number of 
expected years of education for 3- to 5-year-olds and fourth grade average math 
scores (r = 0.275, p = 0.18, n = 25).  South Korea has the highest math score 
(605) with 2.4 expected years of education; Japan has the second-highest score 
(585) with an expected 2.7 years of education.   
 Both Belgium and Spain have three years of expected education for 3- to 
5-year-olds, but Belgium’s math score (549) is higher than Spain’s (482).  The 
U.S. has a relatively low number of expected years of education (1.7) but one of 
the higher math scores (541).  
Figure A.42: TIMSS 4th Grade Math Average Scores vs. 
Expected Years of Education for 3- to 5-Year-Olds 
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TIMSS 4th Grade Science Average Scores vs. Expected Years of Education 
for 3- to 5-Year-Olds 
 
 There is a weak positive association between fourth grade average 
science scores and the expected years of education for 3- to 5-year-olds (r = 
0.292, p = 0.16, n = 25).  The test scores of South Korea (587) and Finland (570) 
are the highest; both countries have moderate (2.4 and 2.2, respectively) levels 
of education for 3- to 5-year-olds among sampled countries.  Norway and New 
Zealand both have 2.8 years of education but lower scores (494 and 497, 
respectively).   
 The U.S. is somewhat of an outlier, with the fourth-highest average 
science score (544); it is tied with Ireland for the fourth-lowest number of years of 
education (1.7).  Turkey ranks the lowest in terms of both score (463) and 
expected years of education (0.7).  
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Figure A.43: TIMSS 4th Grade Science Average Scores vs. 
Expected Years of Education for 3- to 5-Year-Olds 
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TIMSS 8th Grade Math Average Scores vs. Expected Years of Education for 
3- to 5-Year-Olds 
 There is a weak positive association between eighth grade average math 
scores and the expected years of education for 3- to 5-year-olds (r = 0.318, p = 
0.25, n = 15).  Turkey has the lowest expected years of education for 3- to 5-
year-olds (0.7) and the second-lowest score (452), behind Chile (416 TIMSS, 1.9 
years of education).  The U.S. has the third-lowest expected years of education 
for 3- to 5-year-olds (1.7) but an above-average test score (509). 
 South Korea is an outlier, with the highest average math score (613) and a 
moderate level of education (2.4).  Norway, Sweden, and New Zealand all have 
test scores below 500 and higher levels of expected education for 3- to 5-year-
olds (2.7 to 2.8). 
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Figure A.44: TIMSS 8th Grade Math Average Scores vs. 
Expected Years of Education for 3- to 5-Year-Olds 
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TIMSS 8th Grade Science Average Scores vs. Expected Years of Education 
for 3- to 5-Year-Olds 
 
 There is a weak positive association between eighth grade science 
average scores and the expected years of education for 3- to 5-year-olds (r = 
0.293, p = 0.29, n = 15).  Japan has the second-highest average test score (558) 
and a high level of education for 3- to 5-year-olds (2.7 years).  However, Italy (2.9 
years) and Norway (2.8 years) have much lower test scores (501 and 494, 
respectively).  Chile has the lowest score (461) with the fourth-lowest expected 
years of education (1.9). 
 
Figure A.45: TIMSS 8th Grade Science Average Scores vs. 
Expected Years of Education for 3- to 5-Year-Olds 
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PIRLS Test Score Percentile Ratios vs. Expected Years of Education 
for 3- to 5-Year-Olds 
 
 There is no association between the percentile ratios of PIRLS test scores 
and the expected years of education for 3- to 5-year-olds (r = 0.02, p = 0.93, n = 
24).  New Zealand has the highest ratio (1.56) combined with one of the higher 
expected years of education (2.8).  Belgium, France, and Spain all have 
comparable levels of education (3.0 years) and lower test score ratios (1.40 to 
1.41).  The Netherlands has the sixth-lowest expected years of education (2.0) 
but the lowest percentile ratio (1.29).  
 
Figure A.46: PIRLS Percentile Ratios vs. 
Expected Years of Education for 3- to 5-Year-Olds 
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TIMSS 4th Grade Math Test Score Percentile Ratios vs. Expected Years of 
Education for 3- to 5-Year-Olds 
 There is a moderate negative association between the percentile ratios for 
fourth grade math scores and the expected years of education for 3- to 5-year-
olds; this association is significant at the p < 0.05 level (r = -0.474, p = 0.02, n = 
25).  Turkey has the highest percentile ratio (1.75) and the lowest expected years 
of education (0.7).  The Netherlands has the lowest ratio (1.29) with one of the 
lower expected years of education (2.0).  Norway, Sweden, and Denmark are 
clustered in the lower-right section of the graph, with percentile ratios between 
1.40 and 1.43 and 2.7 to 2.8 expected years of education.  Belgium has the 
second-lowest percentile ratio (1.32) with 3.0 expected years of education 
for 3- to 5-year-olds. 
Figure A.47: TIMSS 4th Grade Math Percentile Ratios vs. 
Expected Years of Education for 3- to 5-Year-Olds 
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TIMSS 4th Grade Science Test Score Percentile Ratios vs. Expected Years 
of Education for 3- to 5-Year-Olds 
 
 There is a moderate negative association between the percentile ratios for 
fourth grade science and the expected years of education for 3- to 5-year-olds; 
this association is significant at the p < 0.01 level (r = -0.524, p = 0.007, n = 25).  
As with fourth grade math, Turkey has the highest percentile ratio (1.75) and the 
fewest expected years of education for 3- to 5-year-olds (0.7).  Belgium, Japan, 
Finland, and South Korea have the lowest percentile ratios (between 1.33 and 
1.34, behind the Netherlands’s 1.30.  However, the expected years of education 
differ among countries: Belgium (3.0), Japan (2.7), Finland (2.2), and South 
Korea (2.4).  The Netherlands has a below-average number of expected years of 
education for 3- to 5-year-olds (2.0). 
 However, New Zealand has the second-highest percentile ratio (1.58) with 
a high level of expected education (2.8 years).  The U.S. has a moderately high 
ratio (1.46) with 1.7 expected years of education for 3- to 5-year-olds.  
238 
 
 
 
2
3
8
 
Figure A.48: TIMSS 4th Grade Science Percentile Ratios vs. 
Expected Years of Education for 3- to 5-Year-Olds 
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TIMSS 8th Grade Math Test Score Percentile Ratios vs. Expected Years of 
Education for 3- to 5-Year-Olds 
 
 There is a strong negative association between the expected years of 
education for 3- to 5-year-olds and the percentile ratios for eighth grade math test 
scores that is significant at the p < 0.05 level (r = -0.613, p  = 0.02, n = 15).  
Finland has the lowest percentile ratio (1.39) with the fifth-fewest expected years 
of education (2.2).  Slovenia is tied for the third-lowest ratio (1.44) with a 
comparable expected years of education (2.3).  Other countries with low 
percentile ratios are Sweden (1.44) and Norway (1.43); these countries have 
slightly higher levels of education for 3- to 5-year-olds (2.7 and 2.8, respectively).   
 Turkey has the highest ratio (1.94) with the lowest number of expected 
years of education for 3- to 5-year-olds (0.7).  The U.S. has a moderate test 
score ratio (1.48) despite having the third-lowest level of expected education (1.7 
years). 
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Figure A.49: TIMSS 8th Grade Math Percentile Ratios vs. 
Expected Years of Education for 3- to 5-Year-Olds 
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TIMSS 8th Grade Science Test Score Percentile Ratios vs. Expected Years 
of Education for 3- to 5-Year-Olds 
 There is a moderate negative association between the percentile test 
score ratios for eighth grade science and the expected years of education for 3- 
to 5-year-olds (r = -0.498, p = 0.06, n = 15).  Turkey has the highest percentile 
ratio (1.76) and the lowest expected years of education (0.7).  However, Israel 
has the second-highest ratio (1.63), with 2.6 expected years of education.  
Finland has the lowest ratio (1.35) with the fifth-lowest expected level of 
education (2.2 years).  Japan has the second-lowest ratio (1.42) with one of the 
higher expected years of education (2.7).  The U.S. has a moderate ratio (1.50) 
with the third-lowest expected years of education (1.7). 
Figure A.50: TIMSS 8th Grade Science Percentile Ratios vs. 
Expected Years of Education for 3- to 5-Year-Olds 
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Access to Health Care 
Percentage of Health Care Expenditures Funded by the Government 
 
PIRLS Average Scores vs. Percentage of Health Care Expenditures 
Funded by the Government 
 
 There is no association between the PIRLS average scores and the 
percentage of health care expenditures funded by the government across 
sampled countries (r = -0.17, p = 0.44, n = 24).  Outside of the U.S., countries are 
scattered in terms of percentage of health care expenditures funded by the 
government and test scores.  The U.S. is an outlier, with the second-highest 
PIRLS score (556) combined with the lowest percentage of health care 
expenditures funded by the government (48.2%).  Denmark’s PIRLS score (554) 
is comparable to that of the U.S., and 85.1% of health care expenditures are paid 
by the government.  Norway has the highest percentage of health care 
expenditures paid by the government (85.5%) combined with the lowest average 
PIRLS score (507) among sampled countries.   
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Figure A.51: PIRLS Average Scores vs. 
Percentage of Health Care Expenditures Funded by the Government 
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TIMSS 4th Grade Math Average Scores vs. Percentage of Health Care 
Expenditures Funded by the Government 
 There is no association between average fourth grade math scores and 
the percentage of health care expenditures funded by the government among 
countries in the study (r = -0.0005, p = 0.998, n = 25).  South Korea and the U.S. 
are outliers, with South Korea attaining the highest average fourth grade math 
score (605) and having the second-lowest percentage of health care 
expenditures funded by the government (58.2%), behind the U.S.  The U.S. 
government funds 48.2% of health care expenses, and has the sixth-highest 
fourth grade average score (541).  Japan has the second-highest score (585) 
with a higher percentage of health care expenses paid by the government 
(80.3%). 
Figure A.52: TIMSS 4th Grade Math Average Scores vs. 
Percentage of Health Care Expenditures Funded by the Government 
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TIMSS 4th Grade Science Average Scores vs. Percentage of Health Care 
Expenditures Funded by the Government 
 
 There is no association between average fourth grade science scores and 
the percentage of health care expenditures funded by the government among 
countries in the study (r = -0.06, p = 0.77, n = 25).  Turkey has the lowest 
average score for fourth grade science (463) and its government funds 74.8% of 
health care expenditures.  Finland’s government funds a comparable percentage 
of health care expenditures (74.5%) while attaining a higher average score (570). 
 
Figure A.53: TIMSS 4th Grade Science Average Scores vs. 
Percentage of Health Care Expenditures Funded by the Government 
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TIMSS 8th Grade Math Average Scores vs. Percentage of Health Care 
Expenditures Funded by the Government 
 There is no association between average eighth grade math scores and 
the percentage of health care expenditures funded by the government across 
countries (r = 0.01, p = 0.96, n = 15).  Countries are scattered throughout the 
plot.  Chile and Turkey are outliers for their low scores (416 and 452, 
respectively), while their governments fund different percentages of health care 
expenditures (47.2% and 74.8%, respectively).  Although close to the line of best 
fit, the U.S. has a moderate score (509) combined with the second-lowest 
percentage of government-funded health care expenses (48.2%).  The highest 
scores are held by South Korea (613, 58.2% government-funded health care 
expenses) and Japan (570, 80.3%).   
Figure A.54: TIMSS 8th Grade Math Average Scores vs. 
Percentage of Health Care Expenditures Funded by the Government 
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TIMSS 8th Grade Science Average Scores vs. Percentage of Health Care 
Expenditures Funded by the Government 
 
 There is no association between average eighth grade science scores and 
the percentage of health care expenditures funded by the government among 
studied countries (r = 0.13, p = 0.65, n = 15).  Higher percentages of health care 
spending and lower eighth grade science scores are held by Sweden, New 
Zealand, and Norway.  Higher percentages of health care spending and higher 
average scores are attained by the U.K. and Japan.  South Korea achieves the 
highest eighth grade average science score (560) while its government funds a 
relatively low percentage of health care expenses (58.2%) compared to most 
other sampled countries. 
Figure A.55: TIMSS 8th Grade Science Average Scores vs. 
Percentage of Health Care Expenditures Funded by the Government 
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PIRLS Test Score Percentile Ratios vs. Percentage of Health Care 
Expenditures Funded by the Government 
 
 There is a weak negative association between PIRLS percentile test score 
ratios and the percentage of health care expenses funded by the government 
across countries in the study (r = -0.27, p = 0.19, n = 24).  New Zealand may be 
the most prominent outlier, given that it has the highest percentile ratio (1.56) and 
one of the higher percentages of government-funded health care (83.2%).  The 
U.K.’s plot is also far from the line of best fit, given its 1.48 percentile ratio and its 
government funding 83.2% of health care expenses.  The Netherlands enjoys the 
lowest percentile ratio (1.29) combined with the third-highest percentage of 
government-funded health care (84.8%).  The U.S. has a moderate test score 
ratio (1.41) while its government funds the lowest percentage of health care 
expenditures (48.2%).  
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Figure A.56: PIRLS Percentile Ratios vs. 
Percentage of Health Care Expenditures Funded by the Government 
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TIMSS 4th Grade Math Test Score Percentile Ratios vs. Percentage of 
Health Care Expenditures Funded by the Government 
 
 There is a weak negative association between TIMSS fourth grade math 
percentile test score ratios and the percentage of health care expenses funded 
by the government across countries in the study (r = -0.21, p = 0.32, n = 25).  
Turkey has the highest percentile ratio for fourth grade math scores (1.75) and its 
government funds a moderate amount of health care expenditures (74.8%) 
compared to other studied countries.  Similar ratios are held by Chile (1.59), 
Hungary (1.57), and New Zealand (1.57), despite the fact that the percentage of 
health care expenses paid by their governments differ: Chile (47.2%), Hungary 
(64.8%), and New Zealand (83.2%).  The lowest percentile ratios are attained by 
South Korea (1.34), Belgium (1.32), and the Netherlands (1.29), although the 
percentages of health care expenses funded by their governments vary: South 
Korea (58.2%), Belgium (75.6%), and the Netherlands (84.8%). 
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Figure A.57: TIMSS 4th Grade Math Percentile Ratios vs. 
Percentage of Health Care Expenditures Funded by the Government 
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TIMSS 4th Grade Science Test Score Percentile Ratios vs. Percentage of 
Health Care Expenditures Funded by the Government 
 
 There is a very weak negative association between TIMSS fourth grade 
science percentile ratios and the percentage of health care expenses funded by 
the government across countries in the study (r = -0.18, p = 0.38, n = 25).  
Although New Zealand’s government funds a relatively high percentage of health 
care expenditures (83.2%) it has the second-highest percentile ratio in fourth 
grade science (1.58), behind Turkey (1.75).  The lowest percentile ratios are 
achieved by the Netherlands (1.30) and South Korea (1.33) although they have 
different percentages of government-funded health care (84.8% and 58.2%, 
respectively).  Finland, Belgium and Japan all enjoy low percentile ratios (1.34) 
and differ slightly in health care spending (74.5% for Finland, 75.6% for Belgium, 
and 80.3% for Japan).  The U.S. has a moderate test score ratio (1.46) while its 
government funds 48.2% of health care expenses, second-lowest behind Chile 
(47.2%).  
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Figure A.58: TIMSS 4th Grade Science Percentile Ratios vs. 
Percentage of Health Care Expenditures Funded by the Government 
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TIMSS 8th Grade Math Test Score Percentile Ratios vs. Percentage of 
Health Care Expenditures Funded by the Government 
 
 There is a very weak negative association between TIMSS eighth grade 
math percentile test score ratios and the percentage of health care expenses 
funded by the government across sampled countries (r = -0.18, p = 0.52, n = 15).  
Finland holds the lowest eighth grade percentile ratio (1.39) and its government 
funds 74.5% of health care expenditures.  Norway (1.43 percentile ratio) and 
Sweden (1.44) hold low test score ratios and their governments fund large 
percentages of health care expenditures (85.5% and 81.0%, respectively).  The 
U.S. has a percentile ratio of 1.48, which is moderate compared to other 
countries; however, the U.S. government funds only 48.2% of health care 
expenditures, second-lowest behind Chile.  Turkey holds the highest percentile 
ratio (1.94) while its government pays for 74.8% of health care expenses. 
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Figure A.59: TIMSS 8th Grade Math Percentile Ratios vs. 
Percentage of Health Care Expenditures Funded by the Government 
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TIMSS 8th Grade Science Test Score Percentile Ratios vs. Percentage of 
Health Care Expenditures Funded by the Government 
 There is no association between TIMSS eighth grade science percentile 
test score ratios and the percentage of health care expenses funded by the 
government across sampled countries (r = -0.05, p = 0.86, n = 15).  Turkey and 
Finland possess different percentile ratios (1.76 and 1.35, respectively) yet their 
governments fund similar percentages of health care expenditures (74.8% and 
74.5%, respectively).  Low ratios and different percentages of government health 
care expenditures are held by South Korea (1.43 ratio, 58.2% government 
expenditures), Slovenia (1.43, 72.8%), and Japan (1.42, 80.3%).  The U.S. (1.50 
ratio, 48.2% government expenditures) and Chile (1.52, 47.2%) have similar 
figures. 
Figure A.60: TIMSS 8th Grade Science Percentile Ratios vs. 
Percentage of Health Care Expenditures Funded by the Government 
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Adolescent Fertility Rates 
 
PIRLS Average Scores vs. Adolescent Fertility Rates 
(number of births to women ages 15–19 per 1,000 women) 
 
 There is a very weak positive association between PIRLS average scores 
and adolescent fertility rates (r = 0.19, p  = 0.36, n = 24).  However, both the U.K. 
and U.S. have higher adolescent fertility rates (29.7 births and 27.4 births, 
respectively) combined with some of the higher PIRLS scores (552 and 556, 
respectively).  If the U.K. and the U.S. were excluded from the analysis, the very 
weak association would be nonexistent. 
Figure A.61: PIRLS Average Scores vs. Adolescent Fertility Rates 
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TIMSS 4th Grade Math Average Scores vs. Adolescent Fertility Rates 
(number of births to women ages 15–19 per 1,000 women) 
 
 There is a moderate negative association between average fourth grade 
math scores and adolescent fertility rates that is significant at the p < 0.05 level (r 
= -0.43, p = 0.03, n = 25).  The U.K. and the U.S. are outliers, with higher 
adolescent fertility rates combined with higher test scores: U.K. (29.7 births, 542 
TIMSS) and the U.S. (27.4, 541).  The highest fourth grade math scores are 
attained by South Korea (605) and Japan (585), who also enjoy low adolescent 
fertility rates (5.8 and 6.0, respectively).  Chile has the highest adolescent fertility 
rate (56.0) and lowest average fourth grade math score (462).   
Figure A.62: TIMSS 4th Grade Math Average Scores 
vs. Adolescent Fertility Rates 
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TIMSS 4th Grade Science Average Scores vs. Adolescent Fertility Rates 
(number of births to women ages 15–19 per 1,000 women) 
 
 There is a moderate negative association between average fourth grade 
science scores and adolescent fertility rates that is significant at the p < 0.05 
level (r = -0.47, p = 0.02, n = 25).  Numerous countries have adolescent fertility 
rates between 5.0-13.0 births per 1,000 women; Japan, Finland, and South 
Korea are outliers, with fourth grade science scores of 559, 570, and 587, 
respectively.  The U.S. has both the fourth-highest adolescent fertility rate (27.4) 
and fourth-highest test score (544).  Similar adolescent fertility rates but different 
test scores are held by the U.K. (29.7 births, 529 TIMSS) and Turkey (30.5, 463).  
Figure A.63: TIMSS 4th Grade Science Average Scores 
vs. Adolescent Fertility Rates 
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TIMSS 8th Grade Math Average Scores vs. Adolescent Fertility Rates 
(number of births to women ages 15–19 per 1,000 women) 
 
 There is a strong negative association between average eighth grade 
math scores and adolescent fertility rates among sampled countries that is 
significant at the 1% level (r = -0.62, p = 0.01, n = 15).  Chile has the lowest 
eighth grade math score (416) and highest adolescent fertility rate (56.0).  Turkey 
has the second-lowest score (452) and second-highest adolescent fertility rate 
(30.5).  Norway and Sweden are slight outliers, with low test scores (475 and 
484, respectively) given their low adolescent fertility rates (7.4 and 6.5, 
respectively).   
Figure A.64: TIMSS 8th Grade Math Average Scores 
vs. Adolescent Fertility Rates 
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TIMSS 8th Grade Science Average Scores vs. Adolescent Fertility Rates 
(number of births to women ages 15–19 per 1,000 women) 
 
 There is a strong negative association between average eighth grade 
science scores and adolescent fertility rates that is significant at the p < 0.05 
level (r = -0.61, p = 0.02, n = 15).  Three clusters of countries are worth noting.  
Four countries have the highest test scores (543–560) and low adolescent fertility 
rates (4.5–9.3): Slovenia, Finland, South Korea and Japan.  Sweden, Italy, and 
Norway also have low adolescent fertility rates but lower test scores (494–509). 
 The U.K and the U.S. have relatively high adolescent fertility rates (29.7 
and 27.4, respectively) and above-average test scores (533 and 525, 
respectively).  Turkey has a similar adolescent fertility rate (30.5) but a lower test 
score (483). 
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Figure A.65: TIMSS 8th Grade Science Average Scores 
vs. Adolescent Fertility Rates 
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PIRLS Test Score Percentile Ratios vs. Adolescent Fertility Rates 
(number of births to women ages 15–19 per 1,000 women) 
 There is a moderate positive association between the PIRLS percentile 
test score ratios and adolescent fertility rates that is significant at the p < 0.01 
level (r = 0.55, p = 0.005, n = 24).  The U.S. is a prominent outlier, with the 
second-highest adolescent fertility rate (27.4) and a moderate percentile ratio 
(1.41), which is below the line of best fit.  Although several countries have low 
adolescent fertility rates (less than 6.0) and low test score ratios (1.35–1.38), the 
Netherlands has an unusually low percentile ratio (1.29).  Finland (9.3 births, 
1.33 ratio) and the Czech Republic (9.2, 1.34) have some of the lowest ratios and 
also low adolescent fertility rates.  New Zealand has both the third-highest 
adolescent fertility rate (18.6) and test score ratio (1.56).  
Figure A.66: PIRLS Percentile Ratios vs. Adolescent Fertility Rates 
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TIMSS 4th Grade Math Test Score Percentile Ratios vs. Adolescent Fertility 
Rates (number of births to women ages 15–19 per 1,000 women) 
 
 There is a strong positive association between the test score percentile 
ratios for fourth grade math scores and adolescent fertility rates that is significant 
at the p < 0.01 level (r = 0.66, p = 0.0004, n = 25).  The U.S. is a prominent 
outlier, with the fourth-highest adolescent fertility rate (27.4) with a percentile 
ratio that is below the line of best fit (1.44).  Both the U.K. and Turkey have 
slightly higher adolescent fertility rates (29.7 and 30.5, respectively), but also 
higher test score ratios (1.54 and 1.75, respectively); Turkey has the highest ratio 
among sampled countries and is an outlier.  Several countries are clustered in 
the lower-left corner of the graph, with low adolescent fertility rates and low 
percentile ratios. 
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Figure A.67: TIMSS 4th Grade Math Percentile Ratios 
vs. Adolescent Fertility Rates 
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TIMSS 4th Grade Science Test Score Percentile Ratios vs. Adolescent 
Fertility Rates (number of births to women ages 15–19 per 1,000 women) 
 
 There is a moderate positive association between the percentile ratios for 
fourth grade science and adolescent fertility rates that is significant at the p < 
0.01 level (r = 0.59, p = 0.002, n = 25).  Turkey is a major outlier, with the highest 
percentile ratio (1.75) paired with the second-highest adolescent fertility rate 
(30.5).  Chile has the highest adolescent fertility rate (56.0) yet possesses a test 
score ratio below the line of best fit (1.54).  The U.S. has the fourth-highest 
adolescent fertility rate (27.4) but enjoys a test score ratio (1.46) comparable to 
other countries with lower adolescent fertility rates, such as Slovak Republic, 
Slovenia, Spain, and Sweden.  The Netherlands has the lowest percentile ratio 
(1.30) and is clustered with South Korea, Japan, Finland, and Belgium in the 
lower left of the scatterplot. 
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Figure A.68: TIMSS 4th Grade Science Percentile Ratios 
vs. Adolescent Fertility Rates 
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TIMSS 8th Grade Math Test Score Percentile Ratios vs. Adolescent Fertility 
Rates (number of births to women ages 15–19 per 1,000 women) 
 
 There is a moderate positive association between eighth grade math 
percentile ratios and adolescent fertility rates that is significant at the p < 0.05 
level (r = 0.58, p = 0.02, n = 15).  Finland, Norway, Slovenia, and Sweden are 
clustered in the lower left of the scatterplot, with the lowest test score ratios (1.39 
to 1.44) and low adolescent fertility rates.  Comparable adolescent fertility rates 
and slightly higher test score ratios are held by Italy, Japan, and South Korea 
(1.47–1.49).  The U.S. has a percentile ratio of 1.48 but a much higher 
adolescent fertility rate (27.4), causing the U.S. to be below the line of best fit.  
Both the U.K. (29.7 births, 1.57 ratio) and Turkey (30.5, 1.94) have higher 
adolescent fertility rates and test score ratios; Turkey’s percentile ratio causes its 
data point to be well above the line of best fit.  
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Figure A.69: TIMSS 8th Grade Math Percentile Ratios 
vs. Adolescent Fertility Rates 
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TIMSS 8th Grade Science Test Score Percentile Ratios vs. Adolescent 
Fertility Rates (number of births to women ages 15–19 per 1,000 women) 
 
 There is a moderate positive association between eighth grade science 
percentile ratios and adolescent fertility rates (r = 0.43, p = 0.11, n = 15).  Finland 
has the lowest percentile ratio (1.35) with a below-average adolescent fertility 
rate (9.3); its test score ratio is below that of several countries with lower 
adolescent fertility rates.  Israel (14.0 births, 1.63 ratio) and Turkey (30.5, 1.76) 
both lie above the line of best fit.  The U.S. has the fourth-highest adolescent 
fertility rate (27.4) and a moderate percentile ratio (1.50) compared to other 
sampled countries. 
Figure A.70: TIMSS 8th Grade Science Percentile Ratios 
vs. Adolescent Fertility Rates 
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GDP-Based Variables 
GDP Per Capita 
 
PIRLS Average Scores vs. GDP Per Capita 
 
 There is no correlation between PIRLS average test scores and GDP per 
capita (r = -0.120, p = 0.58, n = 24).  For example, Belgium ($43,707) and 
Finland ($45,741) have similar GDP per capita figures but different test scores 
(506 for Belgium and 568 for Finland).  Norway has the highest GDP per capita 
($100,056) but the second lowest test score (507).  The U.S. has a moderately 
high GDP per capita ($51,163) but the second highest test score (556). 
 
Figure A.71: PIRLS Average Scores vs. GDP Per Capita 
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TIMSS 4th Grade Math Average Scores vs. GDP Per Capita 
 
 There is a very weak positive association between fourth grade math 
average scores and GDP per capita (r = 0.19, p = 0.37, n = 25).  South Korea 
has one of the lower GDP per capita figures ($23,052), but the highest math 
score (605).  Japan has the second highest average test score (585) and a 
moderately high GDP per capita ($46,838).  Australia has the second-highest 
GDP per capita ($67,869) in combination with a moderate average test score 
(516).  The U.S. has one of the highest average test scores (541) and GDP per 
capita figures ($51,163).   
 
Figure A.72: TIMSS 4th Grade Math Average Scores vs. GDP Per Capita 
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TIMSS 4th Grade Science Average Scores vs. GDP Per Capita 
 
 There is no association between fourth grade average science scores and 
GDP per capita (r = 0.07, p = 0.75, n = 25).  Again, South Korea has the highest 
average score (587) combined with a below-average GDP per capita ($23,052).  
Although Finland has the second-highest test score (570) with a moderately high 
GDP per capita ($45,741), Norway has the highest GDP per capita ($100,056) 
and the third-lowest test score (494).  The U.S. has the fourth-highest test score 
(544) combined with the fifth-highest GDP per capita ($51,163) among the 25 
countries.  
 
Figure A.73: TIMSS 4th Grade Science Average Scores vs. GDP Per Capita 
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TIMSS 8th Grade Math Average Scores vs. GDP Per Capita 
 
 No association exists between eighth grade average math scores and 
GDP per capita (r = 0.02, p = 0.94, n = 15).  Eight countries have average test 
scores ranging from 498 to 516, with widely varying levels of GDP per capita.  
Norway has the highest GDP per capita ($100,056) but the third-lowest test 
score (475).  South Korea has the highest test score (613) but the fifth-lowest 
level of GDP per capita ($23,052).  
 
Figure A.74: TIMSS 8th Grade Math Average Scores vs. GDP Per Capita 
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TIMSS 8th Grade Science Average Scores vs. GDP Per Capita 
 
 No association is present between eighth grade average science scores 
and GDP per capita (r = 0.03, p = 0.91, n = 15).  There is substantial dispersion 
among the countries in the scatterplot.  Hungary, Turkey, and Chile have 
comparable levels of GDP per capita, but Hungary’s average test score (522) is 
higher than that of Turkey (483) or Chile (461).  Slovenia has the fourth-highest 
average science score (543) in combination with the fourth-lowest figure for GDP 
per capita ($21,947).  The U.S. has the sixth-highest test score (525) and the 
fourth-highest GDP per capita ($51,163). 
 
Figure A.75: TIMSS 8th Grade Science Average Scores vs. GDP Per Capita 
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PIRLS Test Score Percentile Ratios vs. GDP Per Capita 
 
 There is no association between the percentile ratios of PIRLS test scores 
and GDP per capita among countries (r = -0.13, p = 0.54, n = 24).  New Zealand 
has the highest test score ratio (1.56) with a moderate GDP per capita figure 
($38,399).  Australia has the second highest percentile PIRLS ratio (1.50) and 
the second-highest GDP per capita ($67,869).  In contrast, Norway has the 
highest GDP per capita ($100,056) but one of the lower percentile ratios (1.37). 
 
Figure A.76: PIRLS Percentile Ratios vs. GDP Per Capita 
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TIMSS 4th Grade Math Test Score Percentile Ratios vs. GDP Per Capita 
 
 There exists a weak negative association between the test score 
percentile ratios for fourth grade math and GDP per capita figures (r = -0.32, p = 
0.12, n = 25).  Turkey has the highest percentile ratio (1.75) and the lowest GDP 
per capita ($10,653).  The U.S. has a moderate test score ratio (1.44) but the 
fifth-highest GDP per capita ($51,163).  Belgium (1.32 ratio and $43,707 GDP) 
and the Netherlands (1.29 and $46,073) have the lowest percentile ratios and 
moderate levels of GDP per capita.  South Korea possesses a low percentile 
ratio (1.34) and a low GDP per capita figure ($23,052). 
 
Figure A.77:  TIMSS 4th Grade Math Percentile Ratios vs. GDP Per Capita 
 
 
 
Turkey
Hungary
Poland
Chile
Slovak Rep.
Czech Rep.
Portugal
Slovenia
S. Korea
Spain
Italy
New Zealand
UK/England
Germany
Belgium
Finland
Ireland
Netherlands
AustriaJapan
USA
SwedenDenmark
Australia
Norway
1
.3
1
.4
1
.5
1
.6
1
.7
1
.8
0 20,000 40,000 60,000 80,000 100,000
GDP Per Capita, USD 2012
P
e
rc
e
n
ti
le
 R
a
ti
o
s
 
1
.3
 
1
.4
 
1
.5
 
1
.6
 
1
.7
 
1
.8
 
278 
 
 
 
2
7
8
 
TIMSS 4th Grade Science Test Score Percentile Ratios vs. GDP Per Capita 
 
 There exists a weak negative association between the percentile ratios for 
fourth grade science test scores and GDP per capita (r = -0.36, p = 0.08, n = 25).  
Turkey has the highest percentile ratio (1.75) in combination with the lowest GDP 
per capita ($10,653).  However, South Korea has the second-lowest percentile 
ratio (1.33) and a below-average GDP per capita figure ($23,052).  The U.S. has 
a moderate percentile ratio (1.46) and the fifth-highest GDP per capita ($51,163).  
New Zealand has the second highest percentile ratio (1.58) with a moderate 
GDP per capita amount ($38,399). 
Figure A. 78: TIMSS 4th Grade Science Test Score Percentile Ratios 
vs. GDP Per Capita 
 
  
Turkey
Hungary
Poland
Chile
Slovak Rep.
Czech Rep.
Portugal
Slov nia
S. Korea
Spain
Italy
New Zealand
UK/England
Germany
BelgiumFinland
Ireland
Netherlands
Austria
Japan
USA
Sweden
Denmark
Australia
Norway
1
.3
1
.4
1
.5
1
.6
1
.7
1
.8
0 20,000 40,000 60,000 80,000 100,000
GDP Per Capita, USD 2012
P
e
rc
e
n
ti
le
 R
a
ti
o
s
 
1
.3
 
1
.4
 
1
.5
 
1
.6
 
1
.7
 
1
.8
 
279 
 
 
 
2
7
9
 
TIMSS 8th Grade Math Test Score Percentile Ratios vs. GDP Per Capita  
 
 There is a moderate negative association between the percentile ratios of 
eighth grade math scores and GDP per capita that is significant at the p < 0.05 
level (r = -0.53, p = 0.04, n = 15).  Turkey has the highest percentile ratio (1.94) 
and the lowest GDP per capita ($10,653).  Norway holds the second-lowest test 
score ratio (1.43) with the highest GDP per capita ($100,056). 
 Slovenia and Sweden are tied for the third-lowest percentile ratio (1.44) 
but differ in terms of GDP per capita ($21,947 and $55,072, respectively).  
Finland has the lowest test score ratio (1.39) while having the sixth-highest GDP 
per capita figure ($45,741).  The U.S. has a moderate test score ratio (1.48) and 
the fourth-highest GDP per capita ($51,163).   
Figure A.79: TIMSS 8th Grade Math Percentile Ratios vs. GDP Per Capita 
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TIMSS 8th Grade Science Test Score Percentile Ratios vs. GDP Per Capita  
 
 There is a weak negative association that is not significant between eighth 
grade science percentile test score ratios and GDP per capita (r = -0.31, p = 
0.27, n = 15).  Turkey contains the highest percentile ratio (1.76) and the lowest 
GDP per capita ($10,653).  However, Chile (1.52 ratio, $15,363 GDP per capita) 
and Hungary (1.51, $12,490) have lower test score ratios while possessing low 
GDP per capita figures.  
 Norway has the highest GDP per capita ($100,056) with the fifth-lowest 
test score ratio (1.46).  Japan (1.42) and Finland (1.35) have the lowest test 
score ratios and the fifth- and sixth-highest GDP per capita figures ($46,838 and 
$45,741, respectively).  The U.S. has the fourth-highest GDP per capita 
($51,163) and a moderate percentile ratio (1.50). 
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Figure A.80: TIMSS 8th Grade Science Percentile Ratios vs. GDP Per Capita 
 
 
  
Turkey
Hungary
Chile
SloveniaS. Korea
Israel
Italy
New Zealand
UK/England
Finland
Japan
USASweden
Australia
Norway
1
.3
1
.4
1
.5
1
.6
1
.7
1
.8
0 20,000 40,000 60,000 80,000 100,000
GDP Per Capita, USD 2012
P
e
rc
e
n
ti
le
 R
a
ti
o
s
 
1
.3
 
1
.4
 
1
.5
 
1
.6
 
1
.7
 
1
.8
 
282 
 
 
 
2
8
2
 
Percentage of GDP Government Spends on Family Services 
 
PIRLS Average Scores vs. Percentage of GDP Government Spends on 
Family Services3 
 
 There is no association between PIRLS average scores and the 
percentage of GDP that governments spend on family services (r = 0.02, p = 
0.92, n = 24).  Despite the fact that the U.S. spends the lowest percentage of its 
GDP on family services (1.22%), the U.S. has the second highest average PIRLS 
score (556) behind Finland.  Finland allocates a relatively high percentage of its 
GDP for family services (3.29%) and has the highest PIRLS score (568). 
 Although Norway and Belgium allocate a similar percentage of GDP for 
family services as Finland, the test scores of Norway and Belgium are much 
lower: Norway (spending decisions in this area Belgium spend similar 
percentages of GDP on family are spent by Norway (3.34%, 507 PIRLS) and 
Belgium (3.45%, 506 PIRLS).  The patterns described above are representative 
of the scattering of countries around the line of best fit. 
  
                                            
3
  As described on p.75, family services include cash payments and tax breaks given to families 
based on the number of children, financial support for childcare, and paid maternity and 
parental leave.  Although certain programs, like housing subsidies, may benefit families, these 
initiatives fall outside of family services for budgetary and data purposes.  Preschool spending 
is excluded from this measure. 
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Figure A.81: PIRLS Average Scores vs. 
Percentage of GDP Government Spends on Family Services 
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TIMSS 4th Grade Math Average Scores vs. Percentage of GDP Government 
Spends on Family Services 
 
 There is no association between fourth grade average math scores and 
the percentage of GDP governments spend on family services (r = -0.08, p = 
0.71, n = 24).  Of the 24 countries, South Korea spends the lowest percentage of 
GDP on family services (1.01%), and is still able to attain the highest math score 
(605).  The U.S. spends the third-lowest percentage on family services (1.22%), 
but has the sixth-highest fourth grade math score (541).  Japan has the second-
highest average test score (585) while spending the fourth-lowest percentage on 
family services (1.48%).   
 Spending a low percentage on GDP does not cause high test scores, for 
Chile (1.47% GDP, 462 TIMSS fourth-grade math) and Poland (1.53%, 481) 
have comparable spending habits in percentage terms as Japan, but have much 
lower scores.  
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Figure A.82: TIMSS 4th Grade Math Average Scores vs. 
Percentage of GDP Government Spends on Family Services 
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TIMSS 4th Grade Science Average Scores vs. Percentage of GDP 
Government Spends on Family Services 
 There is a very weak negative association between fourth grade science 
average scores and the percent of GDP governments spend on family services (r 
= -0.16, p = 0.45, n = 24).  As with fourth-grade math, South Korea has the 
highest average fourth-grade science score (587) while spending 1.01% of its 
GDP on family services.  Finland holds the second-highest average score (570), 
allocating a much higher percentage to family services (3.29%).  Norway spends 
a comparable percentage (3.34%) of its budget on family services as Finland, yet 
has a much lower average test score (494).  The U.S. spends the second-lowest 
percentage on family services (1.22) while achieving the fourth-highest average 
score (544). 
Figure A.83: TIMSS 4th Grade Science Average Scores vs. 
Percentage of GDP Government Spends on Family Services
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TIMSS 8th Grade Math Average Scores vs. Percentage of GDP Government 
Spends on Family Services 
 
 There is a weak negative association between average eighth grade math 
scores and the percentage of GDP countries spend on family services (r = -0.32, 
p = 0.27, n = 14).  As with fourth grade math, South Korea and Japan hold the 
highest average eighth grade scores while spending low percentages of GDP on 
family services (South Korea: 613, 1.01%; Japan: 570, 1.48%).  The U.S. has the 
fifth-highest score (509) while allocating the second-lowest percentage of GDP 
for family services (1.22).  Israel (516, 2.37%) and Finland (514, 3.29%) have 
slightly higher scores than the U.S. but use more of their national budget for 
family programs. 
Figure A.84: TIMSS 8th Grade Math Average Scores vs. 
Percentage of GDP Government Spends on Family Services 
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TIMSS 8th Grade Science Average Scores vs. Percentage of GDP 
Government Spends on Family Services 
 There is no association between eighth grade average science scores and 
countries’ spending on family services as a percentage of GDP (r = -0.08, p  = 
0.78, n = 14).  Countries are scattered around the line of best fit with no 
discernible pattern.  Slovenia has the fourth-highest average science score for 
eighth-graders (543) and spends 2.10% of its GDP on family services, which is a 
moderate amount compared to the other sampled countries.  Finland spends a 
higher percentage (3.29%) and has a higher test score (552); nevertheless, 
South Korea and Japan spend lower percentages on family services and achieve 
high average science scores (South Korea: 560, 1.01%; Japan: 558, 1.48%).  
The U.S. spends a low percentage of its budget on family services (1.22%) and 
has a moderate average test score (525).   
Figure A.85: TIMSS 8th Grade Science Average Scores vs. 
Percentage of GDP Government Spends on Family Services 
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PIRLS Test Score Percentile Ratios vs. Percentage of GDP Government 
Spends on Family Services 
 
 There is no association between the percentile ratios for PIRLS test 
scores and the percentage of GDP governments spend on family services (r = 
0.14, p = 0.53, n = 24).  For instance, New Zealand has the highest percentile 
ratio (1.56) but spends a relatively high percentage of its budget on family 
services (3.56%).  The Netherlands has the lowest test score ratio (1.29) despite 
spending a lower percentage on family services (2.48%).  The U.S. has a 
moderate percentile ratio (1.41) while spending the smallest percentage of GDP 
on family services (1.22%).   
Figure A.86: PIRLS Percentile Ratios vs. 
Percentage of GDP Government Spends on Family Services 
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TIMSS 4th Grade Math Test Score Percentile Ratios vs. Percentage of GDP 
Government Spends on Family Services 
  
 There is no association between the test score percentile ratios for fourth 
grade math scores and the percentage of GDP governments spend on family 
services (r = 0.13, p = 0.54, n = 24).  The Netherlands has the lowest percentile 
ratio (1.29) and spends a moderate percentage on family services compared to 
other countries (2.48%).  Other countries spend higher percentages of their 
budget on family services yet have higher percentile ratios: New Zealand (3.56%, 
1.57 percentile ratio), Hungary (3.58%, 1.57), and the U.K. (4.22%, 1.54).  The 
U.S. has a moderate percentile ratio (1.44) while spending the second lowest 
percentage of GDP on family services (1.22%). 
Figure A.87: TIMSS 4th Grade Math Test Score Percentile Ratios vs. 
Percentage of GDP Government Spends on Family Services 
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TIMSS 4th Grade Science Test Score Percentile Ratios vs. Percentage of 
GDP Government Spends on Family Services 
 
 There is a very weak positive association between the test score 
percentile ratios for fourth grade science scores and the percentage of GDP 
governments spend on family services (r = 0.16, p = 0.45, n = 24).  There are 
several countries with low percentile ratios that differ in terms of the percentage 
of GDP spent on family services.  South Korea (1.33 percentile ratio, 1.01%) and 
Japan (1.34, 1.48%) spend low percentages of GDP on family services while 
maintaining low test score ratios.  The Netherlands spends a moderate 
percentage on family services compared to other countries (2.48%) and has the 
lowest percentile ratio for fourth grade science (1.30).  Finland (1.34 percentile 
ratio, 3.29%) and Belgium (1.34, 3.45%) achieve low percentile ratios and spend 
higher percentages on family services.  
Figure A.88: TIMSS 4th Grade Science Percentile Ratios vs. 
Percentage of GDP Government Spends on Family Services 
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TIMSS 8th Grade Math Test Score Percentile Ratios vs. Percentage of GDP 
Government Spends on Family Services 
 
 There is no association between the test score percentile ratios for eighth 
grade math scores and the percentage of GDP governments spend on family 
services (r = 0.02, p = 0.94, n = 14).  Countries are scattered around the line of 
best fit with no discernible pattern.  Israel has the highest percentile ratio (1.67) 
yet spends a moderate percentage on GDP (2.37%).  South Korea and the U.S. 
hold moderate percentile ratios (1.49 and 1.48, respectively) while spending the 
lowest percentages on family services (1.01% and 1.22%, respectively).  Finland 
enjoys the lowest percentile ratio (1.39) and spends an above-average 
percentage on GDP (3.29%). 
Figure A.89: TIMSS 8th Grade Math Percentile Ratios vs. 
% of GDP Government Spends on Family Services 
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TIMSS 8th Grade Science Test Score Percentile Ratios vs. Percentage of 
GDP Government Spends on Family Services 
 
 There is a very weak positive association between the test score 
percentile ratios for eighth grade science scores and the percentage of GDP 
governments spend on family services (r = 0.19, p = 0.52, n = 14).  As with eighth 
grade math, Finland attains the lowest percentile ratio (1.35) while spending a 
higher percentage on family services (3.29%) than many countries in the sample.  
However, the U.K. spends the highest percentage on family services (4.22%) but 
holds the third-highest percentile ratio (1.53), behind Israel (1.63) and New 
Zealand (1.56).  The U.S. possesses a moderate percentile ratio (1.50) while 
spending the second-lowest percentage of its GDP on family services (1.22%).   
Figure A.90: TIMSS 8th Grade Science Percentile Ratios vs. 
% of GDP Government Spends on Family Services 
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Percentage of GDP Government Spends on Childcare and Preschool 
 
PIRLS Average Scores vs. Percentage of GDP Government Spends on 
Childcare and Preschool 
 
 There is no association between PIRLS average scores and the 
percentage of GDP governments spend on childcare and preschool (r = 0.04, p = 
0.86, n = 24).  Finland has the highest PIRLS score (568) combined with one of 
the higher percentages of spending on early childhood programs (1.1%).  The 
U.S. (556) and Denmark (554) have comparable test scores, although Denmark 
spends a higher percentage on childcare and preschool (1.4%) compared to the 
U.S. (0.4%). 
Figure A.91: PIRLS Average Scores vs. 
Percentage of GDP Government Spends on Childcare and Preschool 
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TIMSS 4th Grade Math Average Scores vs. Percentage of GDP Government 
Spends on Childcare and Preschool 
 
 There is no association between fourth-grade average math scores and 
the percentage of GDP countries spend on childcare and preschool (r = 0.02, p = 
0.93, n = 24).  South Korea’s government spends a moderate percentage of its 
GDP on early childhood programs (0.7%) while its student attain the highest 
average fourth grade math score (605).  Japan holds the second highest average 
test score (585) while spending only 0.4% of GDP on early childhood programs. 
 
Figure A.92: TIMSS 4th Grade Math Average Scores vs. 
Percentage of GDP Government Spends on Childcare and Preschool 
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TIMSS 4th Grade Science Average Scores vs. Percentage of GDP 
Government Spends on Childcare and Preschool 
 
 There is no association between fourth-grade average science scores and 
the percentage of GDP governments spend on childcare and preschool (r = 
0.003, p = 0.99, n = 24).  Again, South Korea has the highest fourth grade 
science average score (587) while spending a moderate percentage on childcare 
and preschool (0.7%).  Finland has the second-highest score (570) while being 
tied with the U.K for the fourth-highest percentage spent on early childhood 
programs (1.1%).  The U.K., however, has a much lower fourth grade science 
score (529).   
 The U.S. has the fourth-highest average score for fourth grade science 
(544) despite being one of the countries who spends a lower percentage of GDP 
(0.4%) on childcare and preschool.  Other countries that spend 0.4% on these 
programs have varying scores: Japan (559), Czech Republic (536), Austria 
(532), Portugal (522), and Ireland (516).   
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Figure A.93: TIMSS 4th Grade Science Average Scores vs. 
Percentage of GDP Government Spends on Childcare and Preschool 
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TIMSS 8th Grade Math Average Scores vs. Percentage of GDP Government 
Spends on Childcare and Preschool 
 
 There is a weak negative association between eighth grade math average 
scores and the percentage of GDP governments spend on childcare and 
preschool (r = -0.24, p = 0.40, n = 14).  South Korea holds the highest eighth 
grade average math score (613) while spending 0.7% of GDP on childcare and 
preschool.  Japan spends 0.4% on these programs while attaining the second-
highest average score (570).  The U.S. and Japan spend the lowest percentage 
on early childhood programs (0.4%); the U.S. has a moderate score (509) 
compared to other sampled countries. 
Figure A.94: TIMSS 8th Grade Math Average Scores vs. 
Percentage of GDP Government Spends on Childcare and Preschool 
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TIMSS 8th Grade Science Average Scores vs. Percentage of GDP 
Government Spends on Childcare and Preschool 
 There is a very weak negative association between eighth grade science 
average scores and the percentage of GDP governments spend on childcare and 
preschool (r = -0.18, p = 0.53, n = 14).  Countries are scattered around the line of 
best fit.  Chile is an outlier with the lowest average eighth grade science score 
(461) while its government spends 0.6% of GDP on childcare and preschool.  
Slovenia holds the fourth-highest science score (543) yet spends the third-lowest 
percentage on early childhood programs (0.5%), behind the U.S. (525, 0.4%) and 
Japan (558, 0.4%).  South Korea has the highest score (560) and spends a 
moderate percentage compared to the other 13 countries (0.7%).   
Figure A.95: TIMSS 8th Grade Science Average Scores vs. 
Percentage of GDP Government Spends on Childcare and Preschool 
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PIRLS Test Score Percentile Ratios vs. Percentage of GDP Government 
Spends on Childcare and Preschool 
 There is no association between the PIRLS test score percentile ratios 
and the percentage of GDP governments spend on childcare and preschool (r = -
0.01, p = 0.95, n = 24).  New Zealand and Finland spend comparable 
percentages on early childhood programs (1.0% and 1.1%, respectively), yet 
differ in percentile ratios (1.56 and 1.33, respectively).  The Netherlands has the 
lowest PIRLS percentile ratio (1.29) while spending 0.9% of GDP on childcare 
and preschool.  Sweden and Denmark hold the highest percentages of spending 
on childcare and preschool (1.4%) and have lower test score ratios (1.36 and 
1.35, respectively) than most countries in the study. 
Figure A.96: PIRLS Percentile Ratios vs. 
Percentage of GDP Government Spends on Childcare and Preschool 
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TIMSS 4th Grade Math Test Score Percentile Ratios vs. Percentage of GDP 
Government Spends on Childcare and Preschool 
 
 There is no association between the test score percentile ratios for fourth 
grade math and the percentage of GDP that governments spend on childcare 
and preschool (r = -0.02, p = 0.91, n = 24).  Several countries spend a relatively 
low percentage (0.4%) on childcare and preschool, yet enjoy different percentile 
ratios: Slovak Republic (1.49), Ireland (1.46), U.S. (1.44), Czech Republic (1.43), 
Portugal (1.39), Austria (1.38), and Japan (1.37). 
Figure A.97: TIMSS 4th Grade Math Percentile Ratios vs. 
Percentage of GDP Government Spends on Childcare and Preschool 
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TIMSS 4th Grade Science Test Score Percentile Ratios vs. Percentage of 
GDP Government Spends on Childcare and Preschool 
 There is no association between fourth grade percentile ratios for fourth 
grade science and the percentage of GDP governments spend on childcare and 
preschool (r = -0.10, p = 0.66, n = 24).  New Zealand has the highest percentile 
ratio for fourth grade science (1.58), yet its government spends the sixth-highest 
percentage of GDP on childcare and preschool (1.0%).  Japan has one of the 
lowest percentile ratios (1.34) while possessing one of the lowest percentages of 
spending on early childhood programs (0.4%). 
 
Figure A.98: TIMSS 4th Grade Science Percentile Ratios vs. 
Percentage of GDP Government Spends on Childcare and Preschool 
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TIMSS 8th Grade Math Test Score Percentile Ratios vs. Percentage of GDP 
Government Spends on Childcare and Preschool 
 There is a very weak negative association between test score percentile 
ratios for eighth grade math and the percentage of GDP governments spend on 
childcare and preschool (r = -0.16, p = 0.57, n = 14).  Israel spends 0.9% of GDP 
on childcare and preschool but has the highest percentile ratio for eighth grade 
math (1.67).  Chile has the second-highest ratio (1.66) and spends 0.6% on 
these programs.  The U.S. and Japan have moderate percentile ratios (1.48 and 
1.47, respectively) compared to the other 12 countries; both the U.S. and Japan 
spend the lowest percentages of GDP (0.4%) on childcare and preschool.  
Finland holds the lowest percentile ratio (1.39) while tying the U.K. for the third-
highest percentage spending on early childhood programs (1.1%); however, the 
U.K.’s percentile ratio is higher (1.57). 
Figure A.99: TIMSS 8th Grade Math Percentile Ratios vs. 
Percentage of GDP Government Spends on Childcare and Preschool 
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TIMSS 8th Grade Science Test Score Percentile Ratios vs. Percentage of 
GDP Government Spends on Childcare and Preschool 
 
 There is no association between eighth grade science percentile test 
score ratios and the percentage of GDP governments spend on childcare and 
preschool (r = 0.11, p = 0.72, n = 14).  Israel holds the highest percentile ratio in 
eighth grade science (1.63) while its government spends 0.9% of GDP on 
childcare and preschool.  Finland attains the lowest percentile ratio (1.35) while 
spending the third-highest percentage on early childhood programs (1.1%, tie 
with the U.K.).  However, the U.K. has the third-highest percentile ratio in eighth 
grade science (1.53).  The U.S. has a moderate percentile ratio (1.50) compared 
to other countries, despite being one of the two countries that spend the least on 
early childhood programs on a percentage basis (0.4%). 
Figure A.100: TIMSS 8th Grade Science Percentile Ratios vs. 
Percentage of GDP Government Spends on Childcare and Preschool 
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Data Tables 
Measures of Inequality and Student Test Scores 
Table A.5: Gini Coefficients with 2011 Average Test Scores 
Countries 
Gini 
Coeffi-
cients 
(2009-
2011) 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 0.334 527 516 516 505 519 
Austria 0.267 529 508 532 n/a n/a 
Belgium 
(Flemish 
TIMSS / 
French PIRLS) 
0.262 506 549 509 n/a n/a 
Canada 0.320 548 n/a n/a n/a n/a 
Chile 0.501 n/a 462 480 416 461 
Czech Rep.  0.256 545 511 536 n/a n/a 
Denmark 0.252 554 537 528 n/a n/a 
Finland 0.260 568 545 570 514 552 
France 0.303 520 n/a n/a n/a n/a 
Germany 0.286 541 528 528 n/a n/a 
Hungary 0.272 539 515 534 505 522 
Ireland 0.331 552 527 516 n/a n/a 
Israel 0.376 541 n/a n/a 516 516 
Italy 0.319 541 508 524 498 501 
Japan 0.336 n/a 585 559 570 558 
Korea (South) 0.311 n/a 605 587 613 560 
Netherlands 0.288 546 540 531 n/a n/a 
New Zealand 0.317 531 486 497 488 512 
Norway 0.249 507 495 494 475 494 
Poland 0.305 526 481 505 n/a n/a 
Portugal 0.344 541 532 522 n/a n/a 
Slovak 
Republic 
0.261 535 507 532 n/a n/a 
Slovenia 0.246 530 513 520 505 543 
Spain 0.338 513 482 505 n/a n/a 
Sweden 0.269 542 504 533 484 509 
Turkey 0.411 n/a 469 463 452 483 
UK / England 0.341 552 542 529 507 533 
USA 0.380 556 541 544 509 525 
       
# Countries 28 24 25 25 15 15 
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Table A.6: Gini Coefficients with 2011 Test Score Percentile Ratios 
Countries 
Gini 
Coeffi-
cients 
(2009–
2011) 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 0.334 1.50 1.55 1.51 1.56 1.52 
Austria 0.267 1.37 1.38 1.41 n/a n/a 
Belgium 
(Flemish 
TIMSS / French 
PIRLS) 
0.262 1.40 1.32 1.34 n/a n/a 
Canada 0.320 1.38 n/a n/a n/a n/a 
Chile 0.501 n/a 1.59 1.54 1.66 1.52 
Czech 
Republic 
0.256 1.34 1.43 1.41 n/a n/a 
Denmark 0.252 1.35 1.40 1.42 n/a n/a 
Finland 0.260 1.33 1.38 1.34 1.39 1.35 
France 0.303 1.41 n/a n/a n/a n/a 
Germany 0.286 1.37 1.36 1.41 n/a n/a 
Hungary 0.272 1.46 1.57 1.52 1.59 1.51 
Ireland 0.331 1.42 1.46 1.49 n/a n/a 
Israel 0.376 1.51 n/a n/a 1.67 1.63 
Italy 0.319 1.37 1.44 1.43 1.48 1.49 
Japan 0.336 n/a 1.37 1.34 1.47 1.42 
Korea (South) 0.311 n/a 1.34 1.33 1.49 1.43 
Netherlands 0.288 1.29 1.29 1.30 n/a n/a 
New Zealand 0.317 1.56 1.57 1.58 1.59 1.56 
Norway 0.249 1.37 1.43 1.39 1.43 1.46 
Poland 0.305 1.44 1.48 1.50 n/a n/a 
Portugal 0.344 1.37 1.39 1.43 n/a n/a 
Slovak 
Republic 
0.261 1.39 1.49 1.45 n/a n/a 
Slovenia 0.246 1.41 1.41 1.45 1.44 1.43 
Spain 0.338 1.41 1.47 1.46 n/a n/a 
Sweden 0.269 1.36 1.41 1.44 1.44 1.51 
Turkey 0.411 n/a 1.75 1.75 1.94 1.76 
UK / England 0.341 1.48 1.54 1.50 1.57 1.53 
USA 0.380 1.41 1.44 1.46 1.48 1.50 
       
# Countries 28 24 25 25 15 15 
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Table A.7: Gender Inequality Index (2012) 
with 2011 Average Test Scores 
Countries 
Gender 
Ineq. 
Index 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 0.12 527 516 516 505 519 
Austria 0.10 529 508 532 n/a n/a 
Belgium 
(Flemish 
TIMSS / French 
PIRLS) 
0.10 506 549 509 n/a n/a 
Canada 0.12 548 n/a n/a n/a n/a 
Chile 0.36 n/a 462 480 416 461 
Czech 
Republic 
0.12 545 511 536 n/a n/a 
Denmark 0.06 554 537 528 n/a n/a 
Finland 0.08 568 545 570 514 552 
France 0.08 520 n/a n/a n/a n/a 
Germany 0.08 541 528 528 n/a n/a 
Hungary 0.26 539 515 534 505 522 
Ireland 0.12 552 527 516 n/a n/a 
Israel 0.14 541 n/a n/a 516 516 
Italy 0.09 541 508 524 498 501 
Japan 0.13 n/a 585 559 570 558 
Korea (South) 0.15 n/a 605 587 613 560 
Netherlands 0.05 546 540 531 n/a n/a 
New Zealand 0.16 531 486 497 488 512 
Norway 0.07 507 495 494 475 494 
Poland 0.14 526 481 505 n/a n/a 
Portugal 0.11 541 532 522 n/a n/a 
Slovak 
Republic 
0.17 535 507 532 n/a n/a 
Slovenia 0.08 530 513 520 505 543 
Spain 0.10 513 482 505 n/a n/a 
Sweden 0.06 542 504 533 484 509 
Turkey 0.37 n/a 469 463 452 483 
UK / England 0.21 552 542 529 507 533 
USA 0.26 556 541 544 509 525 
       
# Countries 28 24 25 25 15 15 
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Table A.8: Gender Inequality Index (2012) 
with 2011 Test Score Percentile Ratios 
Countries 
Gender 
Ineq. 
Index 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 0.12 1.50 1.55 1.51 1.56 1.52 
Austria 0.10 1.37 1.38 1.41 n/a n/a 
Belgium 
(Flemish 
TIMSS / 
French PIRLS) 
0.10 1.40 1.32 1.34 n/a n/a 
Canada 0.12 1.38 n/a n/a n/a n/a 
Chile 0.36 n/a 1.59 1.54 1.66 1.52 
Czech 
Republic 
0.12 1.34 1.43 1.41 n/a n/a 
Denmark 0.06 1.35 1.40 1.42 n/a n/a 
Finland 0.08 1.33 1.38 1.34 1.39 1.35 
France 0.08 1.41 n/a n/a n/a n/a 
Germany 0.08 1.37 1.36 1.41 n/a n/a 
Hungary 0.26 1.46 1.57 1.52 1.59 1.51 
Ireland 0.12 1.42 1.46 1.49 n/a n/a 
Israel 0.14 1.51 n/a n/a 1.67 1.63 
Italy 0.09 1.37 1.44 1.43 1.48 1.49 
Japan 0.13 n/a 1.37 1.34 1.47 1.42 
Korea (South) 0.15 n/a 1.34 1.33 1.49 1.43 
Netherlands 0.05 1.29 1.29 1.30 n/a n/a 
New Zealand 0.16 1.56 1.57 1.58 1.59 1.56 
Norway 0.07 1.37 1.43 1.39 1.43 1.46 
Poland 0.14 1.44 1.48 1.50 n/a n/a 
Portugal 0.11 1.37 1.39 1.43 n/a n/a 
Slovak 
Republic 
0.17 1.39 1.49 1.45 n/a n/a 
Slovenia 0.08 1.41 1.41 1.45 1.44 1.43 
Spain 0.10 1.41 1.47 1.46 n/a n/a 
Sweden 0.06 1.36 1.41 1.44 1.44 1.51 
Turkey 0.37 n/a 1.75 1.75 1.94 1.76 
UK / England 0.21 1.48 1.54 1.50 1.57 1.53 
USA 0.26 1.41 1.44 1.46 1.48 1.50 
       
# Countries 28 24 25 25 15 15 
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Parental characteristics 
Table A.9: Average Years Education Female Population 25 Years and 
Older (2010) with 2011 Average Test Scores 
 
Countries 
 
 
Avg Yrs 
Educ. 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 11.81 527 516 516 505 519 
Austria 9.00 529 508 532 n/a n/a 
Belgium 
(Flemish 
TIMSS / 
French PIRLS) 
10.54 506 549 509 n/a n/a 
Canada 12.61 548 n/a n/a n/a n/a 
Chile 9.60 n/a 462 480 416 461 
Czech 
Republic 
13.03 545 511 536 n/a n/a 
Denmark 11.32 554 537 528 n/a n/a 
Finland 11.82 568 545 570 514 552 
France 10.40 520 n/a n/a n/a n/a 
Germany 12.30 541 528 528 n/a n/a 
Hungary 12.06 539 515 534 505 522 
Ireland 12.31 552 527 516 n/a n/a 
Israel 12.69 541 n/a n/a 516 516 
Italy 9.21 541 508 524 498 501 
Japan 11.34 n/a 585 559 570 558 
Korea (South) 11.15 n/a 605 587 613 560 
Netherlands 11.29 546 540 531 n/a n/a 
New Zealand 11.69 531 486 497 488 512 
Norway 11.87 507 495 494 475 494 
Poland 11.30 526 481 505 n/a n/a 
Portugal 7.08 541 532 522 n/a n/a 
Slovak 
Republic 
12.98 535 507 532 n/a n/a 
Slovenia 12.08 530 513 520 505 543 
Spain 10.10 513 482 505 n/a n/a 
Sweden 12.00 542 504 533 484 509 
Turkey 5.69 n/a 469 463 452 483 
UK / England 12.15 552 542 529 507 533 
USA 13.44 556 541 544 509 525 
       
# Countries 28 24 25 25 15 15 
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Table A.10: Average Years Education Female Population 25 Years and 
Older (2010) with 2011 Test Score Percentile Ratios 
 
Countries 
Avg Yrs 
Total 
School-
ing 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 11.81 1.50 1.55 1.51 1.56 1.52 
Austria 9.00 1.37 1.38 1.41 n/a n/a 
Belgium 
(Flemish 
TIMSS / 
French PIRLS) 
10.54 1.40 1.32 1.34 n/a n/a 
Canada 12.61 1.38 n/a n/a n/a n/a 
Chile 9.60 n/a 1.59 1.54 1.66 1.52 
Czech 
Republic 
13.03 1.34 1.43 1.41 n/a n/a 
Denmark 11.32 1.35 1.40 1.42 n/a n/a 
Finland 11.82 1.33 1.38 1.34 1.39 1.35 
France 10.40 1.41 n/a n/a n/a n/a 
Germany 12.30 1.37 1.36 1.41 n/a n/a 
Hungary 12.06 1.46 1.57 1.52 1.59 1.51 
Ireland 12.31 1.42 1.46 1.49 n/a n/a 
Israel 12.69 1.51 n/a n/a 1.67 1.63 
Italy 9.21 1.37 1.44 1.43 1.48 1.49 
Japan 11.34 n/a 1.37 1.34 1.47 1.42 
Korea (South) 11.15 n/a 1.34 1.33 1.49 1.43 
Netherlands 11.29 1.29 1.29 1.30 n/a n/a 
New Zealand 11.69 1.56 1.57 1.58 1.59 1.56 
Norway 11.87 1.37 1.43 1.39 1.43 1.46 
Poland 11.30 1.44 1.48 1.50 n/a n/a 
Portugal 7.08 1.37 1.39 1.43 n/a n/a 
Slovak 
Republic 
12.98 1.39 1.49 1.45 n/a n/a 
Slovenia 12.08 1.41 1.41 1.45 1.44 1.43 
Spain 10.10 1.41 1.47 1.46 n/a n/a 
Sweden 12.00 1.36 1.41 1.44 1.44 1.51 
Turkey 5.69 n/a 1.75 1.75 1.94 1.76 
UK / England 12.15 1.48 1.54 1.50 1.57 1.53 
USA 13.44 1.41 1.44 1.46 1.48 1.50 
       
# Countries 28 24 25 25 15 15 
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Table A.11: Percentage of Female Population, Highest Level of 
Education Completed, 25 years of age and older, 2010 
Countries 
No 
schooling 
or some 
primary 
% who 
completed 
Primary 
only 
% who 
completed 
primary and 
secondary 
% who 
completed 
primary, 
secondary, 
tertiary 
Australia 3.7 24.5 45.6 26.3 
Austria 8.4 42.3 40.5 8.8 
Belgium (Flemish 
TIMSS / French 
PIRLS) 
12.0 28.3 42.0 17.8 
Canada 3.8 17.5 51.4 27.4 
Chile 16.2 31.9 44.1 7.9 
Czech Republic 0.1 16.6 75.4 7.9 
Denmark 5.2 29.3 47.0 18.5 
Finland 0.0 30.3 56.9 12.8 
France 3.2 38.2 48.4 10.3 
Germany 2.5 22.4 63.2 12.0 
Hungary 0.6 30.3 51.0 18.2 
Ireland 4.8 26.9 36.9 31.4 
Israel 6.9 15.3 48.7 29.1 
Italy 10.7 45.2 36.4 7.8 
Japan 3.3 27.6 51.9 17.2 
Korea (South) 7.8 24.5 37.7 30.1 
Netherlands 1.8 35.9 46.1 16.2 
New Zealand 7.5 40.3 28.0 24.2 
Norway 5.2 24.6 55.0 15.2 
Poland 2.0 19.4 64.0 14.6 
Portugal 21.9 50.9 22.1 5.1 
Slovak Republic 0.5 19.1 71.0 9.3 
Slovenia 1.2 25.6 56.9 16.4 
Spain 13.9 43.2 27.1 15.8 
Sweden 4.8 18.4 57.1 19.8 
Turkey 25.3 53.0 16.3 5.4 
UK / England 4.3 25.6 52.5 17.6 
USA 1.2 5.5 62.8 30.6 
     
# Countries 28 28 28 28 
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Variables that affect children’s experience before kindergarten 
Table A.12: Percentage of Children with Low Birthweight* 
with 2011 Average Test Scores 
Countries 
% of 
LBW 
Children 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 6.2 527 516 516 505 519 
Austria 7.0 529 508 532 n/a n/a 
Belgium 
(Flemish 
TIMSS / 
French 
PIRLS) 
6.9 506 549 509 n/a n/a 
Canada 6.1 548 n/a n/a n/a n/a 
Chile 5.8 n/a 462 480 416 461 
Czech Rep. 7.7 545 511 536 n/a n/a 
Denmark 5.2 554 537 528 n/a n/a 
Finland 4.3 568 545 570 514 552 
France 6.4 520 n/a n/a n/a n/a 
Germany 6.9 541 528 528 n/a n/a 
Hungary 8.6 539 515 534 505 522 
Ireland 5.0 552 527 516 n/a n/a 
Israel 8.1 541 n/a n/a 516 516 
Italy 7.0 541 508 524 498 501 
Japan 9.6 n/a 585 559 570 558 
Korea (S.)  5.0 n/a 605 587 613 560 
Netherlands 6.5 546 540 531 n/a n/a 
New 
Zealand 
5.9 531 486 497 488 512 
Norway 5.4 507 495 494 475 494 
Poland 6.0 526 481 505 n/a n/a 
Portugal 8.2 541 532 522 n/a n/a 
Slovak Rep.  9.0 535 507 532 n/a n/a 
Slovenia 6.2 530 513 520 505 543 
Spain 7.7 513 482 505 n/a n/a 
Sweden 4.2 542 504 533 484 509 
Turkey 11.0 n/a 469 463 452 483 
UK / Engl. 6.9 552 542 529 507 533 
USA 8.2 556 541 544 509 525 
       
# Countries 28 24 25 25 15 15 
 
*  Low-birthweight babies are classified as weighing less than 5.5 kg or 2.5 
 pounds; data are from 2008–2010. 
DATA Checked 
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Table A.13: Percentage of Children with Low Birthweight* 
with 2011 Test Score Percentile Ratios 
Countries 
% of 
LBW 
Children 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 6.2 1.50 1.55 1.51 1.56 1.52 
Austria 7.0 1.37 1.38 1.41 n/a n/a 
Belgium 
(Flemish TIMSS 
/ French PIRLS) 
6.9 1.40 1.32 1.34 n/a n/a 
Canada 6.1 1.38 n/a n/a n/a n/a 
Chile 5.8 n/a 1.59 1.54 1.66 1.52 
Czech 
Republic 
7.7 1.34 1.43 1.41 n/a n/a 
Denmark 5.2 1.35 1.40 1.42 n/a n/a 
Finland 4.3 1.33 1.38 1.34 1.39 1.35 
France 6.4 1.41 n/a n/a n/a n/a 
Germany 6.9 1.37 1.36 1.41 n/a n/a 
Hungary 8.6 1.46 1.57 1.52 1.59 1.51 
Ireland 5.0 1.42 1.46 1.49 n/a n/a 
Israel 8.1 1.51 n/a n/a 1.67 1.63 
Italy 7.0 1.37 1.44 1.43 1.48 1.49 
Japan 9.6 n/a 1.37 1.34 1.47 1.42 
Korea (South) 5.0 n/a 1.34 1.33 1.49 1.43 
Netherlands 6.5 1.29 1.29 1.30 n/a n/a 
New Zealand 5.9 1.56 1.57 1.58 1.59 1.56 
Norway 5.4 1.37 1.43 1.39 1.43 1.46 
Poland 6.0 1.44 1.48 1.50 n/a n/a 
Portugal 8.2 1.37 1.39 1.43 n/a n/a 
Slovak 
Republic 
9.0 1.39 1.49 1.45 n/a n/a 
Slovenia 6.2 1.41 1.41 1.45 1.44 1.43 
Spain 7.7 1.41 1.47 1.46 n/a n/a 
Sweden 4.2 1.36 1.41 1.44 1.44 1.51 
Turkey 11.0 n/a 1.75 1.75 1.94 1.76 
UK / England 6.9 1.48 1.54 1.50 1.57 1.53 
USA 8.2 1.41 1.44 1.46 1.48 1.50 
       
# Countries 28 24 25 25 15 15 
 
*  Low-birthweight babies are classified as weighing less than 5.5 kg or 2.5 
 pounds; data are from 2008–2010. 
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Table A.14: Paid Maternity Leave (full-week equivalent*, 2013) 
with 2011 Average Test Scores 
Countries 
# Wks. 
Paid 
Maternity 
Leave 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 1.8 527 516 516 505 519 
Austria 31.7 529 508 532 n/a n/a 
Belgium 
(Flemish 
TIMSS / 
French PIRLS) 
13.5 506 549 509 n/a n/a 
Canada 26.1 548 n/a n/a n/a n/a 
Chile 30.0 n/a 462 480 416 461 
Czech 
Republic 
58.6 545 511 536 n/a n/a 
Denmark 25.8 554 537 528 n/a n/a 
Finland 42.4 568 545 570 514 552 
France 20.6 520 n/a n/a n/a n/a 
Germany 35.4 541 528 528 n/a n/a 
Hungary 45.2 539 515 534 505 522 
Ireland 10.9 552 527 516 n/a n/a 
Israel 14.0 541 n/a n/a 516 516 
Italy 25.1 541 508 524 498 501 
Japan 31.3 n/a 585 559 570 558 
Korea (South) 27.4 n/a 605 587 613 560 
Netherlands 20.8 546 540 531 n/a n/a 
New Zealand 6.5 531 486 497 488 512 
Norway 32.0 507 495 494 475 494 
Poland 35.3 526 481 505 n/a n/a 
Portugal 20.4 541 532 522 n/a n/a 
Slovak 
Republic 
43.3 535 507 532 n/a n/a 
Slovenia 52.1 530 513 520 505 543 
Spain 16.0 513 482 505 n/a n/a 
Sweden 48.0 542 504 533 484 509 
Turkey 10.7 n/a 469 463 452 483 
UK / England 11.7 552 542 529 507 533 
USA 0.0 556 541 544 509 525 
       
# Countries 28 24 25 25 15 15 
 
*  To standardize this measure across countries, the number of weeks was 
multiplied by the wage replacement rate to get the “full-rate equivalent” number 
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of weeks of paid leave (OECD, 2013).  Data for all countries except for Chile 
and Israel are from OECD, 2013; Chile and Israel did not have OECD data for 
this measure, so data was obtained from the International Labor Organization, 
2014.  
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Table A.15: Paid Maternity Leave (full-week equivalent*, 2013) 
with 2011 Test Score Percentile Ratios 
Countries 
# Wks. 
Paid 
Maternity 
Leave 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 1.8 1.50 1.55 1.51 1.56 1.52 
Austria 31.7 1.37 1.38 1.41 n/a n/a 
Belgium 
(Flemish 
TIMSS / 
French PIRLS) 
13.5 1.40 1.32 1.34 n/a n/a 
Canada 26.1 1.38 n/a n/a n/a n/a 
Chile 30.0 n/a 1.59 1.54 1.66 1.52 
Czech 
Republic 
58.6 1.34 1.43 1.41 n/a n/a 
Denmark 25.8 1.35 1.40 1.42 n/a n/a 
Finland 42.4 1.33 1.38 1.34 1.39 1.35 
France 20.6 1.41 n/a n/a n/a n/a 
Germany 35.4 1.37 1.36 1.41 n/a n/a 
Hungary 45.2 1.46 1.57 1.52 1.59 1.51 
Ireland 10.9 1.42 1.46 1.49 n/a n/a 
Israel 14.0 1.51 n/a n/a 1.67 1.63 
Italy 25.1 1.37 1.44 1.43 1.48 1.49 
Japan 31.3 n/a 1.37 1.34 1.47 1.42 
Korea (South) 27.4 n/a 1.34 1.33 1.49 1.43 
Netherlands 20.8 1.29 1.29 1.30 n/a n/a 
New Zealand 6.5 1.56 1.57 1.58 1.59 1.56 
Norway 32.0 1.37 1.43 1.39 1.43 1.46 
Poland 35.3 1.44 1.48 1.50 n/a n/a 
Portugal 20.4 1.37 1.39 1.43 n/a n/a 
Slovak 
Republic 
43.3 1.39 1.49 1.45 n/a n/a 
Slovenia 52.1 1.41 1.41 1.45 1.44 1.43 
Spain 16.0 1.41 1.47 1.46 n/a n/a 
Sweden 48.0 1.36 1.41 1.44 1.44 1.51 
Turkey 10.7 n/a 1.75 1.75 1.94 1.76 
UK / England 11.7 1.48 1.54 1.50 1.57 1.53 
USA 0.0 1.41 1.44 1.46 1.48 1.50 
       
# Countries 28 24 25 25 15 15 
 
*  See footnote on previous page.  
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Table A.16: Expected Years of Education for 3- to 5-Year-Olds (2010) 
with 2011 Average Test Scores 
Countries 
# Yrs 
Education 
3-5-Yr-
Olds 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 1.6 527 516 516 505 519 
Austria 2.3 529 508 532 n/a n/a 
Belgium 
(Flemish 
TIMSS / French 
PIRLS) 
3.0 506 549 509 n/a n/a 
Canada 1.6 548 n/a n/a n/a n/a 
Chile 1.9 n/a 462 480 416 461 
Czech 
Republic 
2.4 545 511 536 n/a n/a 
Denmark 2.7 554 537 528 n/a n/a 
Finland 2.2 568 545 570 514 552 
France 3.0 520 n/a n/a n/a n/a 
Germany 2.8 541 528 528 n/a n/a 
Hungary 2.6 539 515 534 505 522 
Ireland 1.7 552 527 516 n/a n/a 
Israel 2.6 541 n/a n/a 516 516 
Italy 2.9 541 508 524 498 501 
Japan 2.7 n/a 585 559 570 558 
Korea (South) 2.4 n/a 605 587 613 560 
Netherlands 2.0 546 540 531 n/a n/a 
New Zealand 2.8 531 486 497 488 512 
Norway 2.8 507 495 494 475 494 
Poland 1.4 526 481 505 n/a n/a 
Portugal 2.4 541 532 522 n/a n/a 
Slovak 
Republic 
2.2 535 507 532 n/a n/a 
Slovenia 2.3 530 513 520 505 543 
Spain 3.0 513 482 505 n/a n/a 
Sweden 2.7 542 504 533 484 509 
Turkey 0.7 n/a 469 463 452 483 
UK / England 2.8 552 542 529 507 533 
USA 1.7 556 541 544 509 525 
       
# Countries 28 24 25 25 15 15 
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Table A.17: Expected Years of Education for 3- to 5-Year-Olds (2010) 
with 2011 Test Score Percentile Ratios 
Countries 
# Yrs 
Education 
3-5-Yr-
Olds 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 1.6 1.50 1.55 1.51 1.56 1.52 
Austria 2.3 1.37 1.38 1.41 n/a n/a 
Belgium 
(Flemish 
TIMSS / 
French PIRLS) 
3.0 1.40 1.32 1.34 n/a n/a 
Canada 1.6 1.38 n/a n/a n/a n/a 
Chile 1.9 n/a 1.59 1.54 1.66 1.52 
Czech 
Republic 
2.4 1.34 1.43 1.41 n/a n/a 
Denmark 2.7 1.35 1.40 1.42 n/a n/a 
Finland 2.2 1.33 1.38 1.34 1.39 1.35 
France 3.0 1.41 n/a n/a n/a n/a 
Germany 2.8 1.37 1.36 1.41 n/a n/a 
Hungary 2.6 1.46 1.57 1.52 1.59 1.51 
Ireland 1.7 1.42 1.46 1.49 n/a n/a 
Israel 2.6 1.51 n/a n/a 1.67 1.63 
Italy 2.9 1.37 1.44 1.43 1.48 1.49 
Japan 2.7 n/a 1.37 1.34 1.47 1.42 
Korea (South) 2.4 n/a 1.34 1.33 1.49 1.43 
Netherlands 2.0 1.29 1.29 1.30 n/a n/a 
New Zealand 2.8 1.56 1.57 1.58 1.59 1.56 
Norway 2.8 1.37 1.43 1.39 1.43 1.46 
Poland 1.4 1.44 1.48 1.50 n/a n/a 
Portugal 2.4 1.37 1.39 1.43 n/a n/a 
Slovak 
Republic 
2.2 1.39 1.49 1.45 n/a n/a 
Slovenia 2.3 1.41 1.41 1.45 1.44 1.43 
Spain 3.0 1.41 1.47 1.46 n/a n/a 
Sweden 2.7 1.36 1.41 1.44 1.44 1.51 
Turkey 0.7 n/a 1.75 1.75 1.94 1.76 
UK / England 2.8 1.48 1.54 1.50 1.57 1.53 
USA 1.7 1.41 1.44 1.46 1.48 1.50 
       
# Countries 28 24 25 25 15 15 
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Access to Health Care 
 
Table A.18: Percentage of Health Care Expenditures Funded 
by the Government (2013) With 2011 Average Test Scores 
Countries 
% of 
Health 
Care 
Expenses 
Paid by 
Govt 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 68.5 527 516 516 505 519 
Austria 76.2 529 508 532 n/a n/a 
Belgium 
(Flemish 
TIMSS / 
French PIRLS) 
75.6 506 549 509 n/a n/a 
Canada 71.1 548 n/a n/a n/a n/a 
Chile 47.2 n/a 462 480 416 461 
Czech 
Republic 
83.8 545 511 536 n/a n/a 
Denmark 85.1 554 537 528 n/a n/a 
Finland 74.5 568 545 570 514 552 
France 76.9 520 n/a n/a n/a n/a 
Germany 76.8 541 528 528 n/a n/a 
Hungary 64.8 539 515 534 505 522 
Ireland 69.2 552 527 516 n/a n/a 
Israel 61.7 541 n/a n/a 516 516 
Italy 77.6 541 508 524 498 501 
Japan 80.3 n/a 585 559 570 558 
Korea (South) 58.2 n/a 605 587 613 560 
Netherlands 84.8 546 540 531 n/a n/a 
New Zealand 83.2 531 486 497 488 512 
Norway 85.5 507 495 494 475 494 
Poland 71.7 526 481 505 n/a n/a 
Portugal 65.8 541 532 522 n/a n/a 
Slovak 
Republic 
64.5 535 507 532 n/a n/a 
Slovenia 72.8 530 513 520 505 543 
Spain 74.2 513 482 505 n/a n/a 
Sweden 81.0 542 504 533 484 509 
Turkey 74.8 n/a 469 463 452 483 
UK / England 83.2 552 542 529 507 533 
USA 48.2 556 541 544 509 525 
       
# Countries 28 24 25 25 15 15 
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Table A.19: Percentage of Health Care Expenditures Funded 
by the Government (2013) with 2011 Test Score Percentile Ratios 
 
Countries 
% of 
Health 
Care 
Expenses 
Paid by 
Govt 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 68.5 1.50 1.55 1.51 1.56 1.52 
Austria 76.2 1.37 1.38 1.41 n/a n/a 
Belgium 
(Flemish 
TIMSS / 
French PIRLS) 
75.6 1.40 1.32 1.34 n/a n/a 
Canada 71.1 1.38 n/a n/a n/a n/a 
Chile 47.2 n/a 1.59 1.54 1.66 1.52 
Czech 
Republic 
83.8 1.34 1.43 1.41 n/a n/a 
Denmark 85.1 1.35 1.40 1.42 n/a n/a 
Finland 74.5 1.33 1.38 1.34 1.39 1.35 
France 76.9 1.41 n/a n/a n/a n/a 
Germany 76.8 1.37 1.36 1.41 n/a n/a 
Hungary 64.8 1.46 1.57 1.52 1.59 1.51 
Ireland 69.2 1.42 1.46 1.49 n/a n/a 
Israel 61.7 1.51 n/a n/a 1.67 1.63 
Italy 77.6 1.37 1.44 1.43 1.48 1.49 
Japan 80.3 n/a 1.37 1.34 1.47 1.42 
Korea (South) 58.2 n/a 1.34 1.33 1.49 1.43 
Netherlands 84.8 1.29 1.29 1.30 n/a n/a 
New Zealand 83.2 1.56 1.57 1.58 1.59 1.56 
Norway 85.5 1.37 1.43 1.39 1.43 1.46 
Poland 71.7 1.44 1.48 1.50 n/a n/a 
Portugal 65.8 1.37 1.39 1.43 n/a n/a 
Slovak 
Republic 
64.5 1.39 1.49 1.45 n/a n/a 
Slovenia 72.8 1.41 1.41 1.45 1.44 1.43 
Spain 74.2 1.41 1.47 1.46 n/a n/a 
Sweden 81.0 1.36 1.41 1.44 1.44 1.51 
Turkey 74.8 n/a 1.75 1.75 1.94 1.76 
UK / England 83.2 1.48 1.54 1.50 1.57 1.53 
USA 48.2 1.41 1.44 1.46 1.48 1.50 
       
# Countries 28 24 25 25 15 15 
 
DATA Checked 
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Table A.20: Adolescent Fertility Rates* with 2011 Average Test Scores 
Countries 
Adolescent 
Fertility 
Rates 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 12.5 527 516 516 505 519 
Austria 9.7 529 508 532 n/a n/a 
Belgium 
(Flemish 
TIMSS / 
French PIRLS) 
11.2 506 549 509 n/a n/a 
Canada 11.3 548 n/a n/a n/a n/a 
Chile 56.0 n/a 462 480 416 461 
Czech 
Republic 
9.2 545 511 536 n/a n/a 
Denmark 5.1 554 537 528 n/a n/a 
Finland 9.3 568 545 570 514 552 
France 6.0 520 n/a n/a n/a n/a 
Germany 6.8 541 528 528 n/a n/a 
Hungary 13.6 539 515 534 505 522 
Ireland 8.8 552 527 516 n/a n/a 
Israel 14 541 n/a n/a 516 516 
Italy 4.0 541 508 524 498 501 
Japan 6.0 n/a 585 559 570 558 
Korea (South) 5.8 n/a 605 587 613 560 
Netherlands 4.3 546 540 531 n/a n/a 
New Zealand 18.6 531 486 497 488 512 
Norway 7.4 507 495 494 475 494 
Poland 12.2 526 481 505 n/a n/a 
Portugal 12.5 541 532 522 n/a n/a 
Slovak 
Republic 
16.7 535 507 532 n/a n/a 
Slovenia 4.5 530 513 520 505 543 
Spain 10.7 513 482 505 n/a n/a 
Sweden 6.5 542 504 533 484 509 
Turkey 30.5 n/a 469 463 452 483 
UK / England 29.7 552 542 529 507 533 
USA 27.4 556 541 544 509 525 
       
# Countries 28 24 25 25 15 15 
 
* Number of births to women ages 15–19 per 1,000 women. 
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Table A.21: Adolescent Fertility Rates* with 
2011 Test Score Percentile Ratios 
Countries 
Adolescent 
Fertility 
Rates 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 12.5 1.50 1.55 1.51 1.56 1.52 
Austria 9.7 1.37 1.38 1.41 n/a n/a 
Belgium 
(Flemish 
TIMSS/French 
PIRLS) 
11.2 1.40 1.32 1.34 n/a n/a 
Canada 11.3 1.38 n/a n/a n/a n/a 
Chile 56.0 n/a 1.59 1.54 1.66 1.52 
Czech 
Republic 
9.2 1.34 1.43 1.41 n/a n/a 
Denmark 5.1 1.35 1.40 1.42 n/a n/a 
Finland 9.3 1.33 1.38 1.34 1.39 1.35 
France 6.0 1.41 n/a n/a n/a n/a 
Germany 6.8 1.37 1.36 1.41 n/a n/a 
Hungary 13.6 1.46 1.57 1.52 1.59 1.51 
Ireland 8.8 1.42 1.46 1.49 n/a n/a 
Israel 14.0 1.51 n/a n/a 1.67 1.63 
Italy 4.0 1.37 1.44 1.43 1.48 1.49 
Japan 6.0 n/a 1.37 1.34 1.47 1.42 
Korea (South) 5.8 n/a 1.34 1.33 1.49 1.43 
Netherlands 4.3 1.29 1.29 1.30 n/a n/a 
New Zealand 18.6 1.56 1.57 1.58 1.59 1.56 
Norway 7.4 1.37 1.43 1.39 1.43 1.46 
Poland 12.2 1.44 1.48 1.50 n/a n/a 
Portugal 12.5 1.37 1.39 1.43 n/a n/a 
Slovak 
Republic 
16.7 1.39 1.49 1.45 n/a n/a 
Slovenia 4.5 1.41 1.41 1.45 1.44 1.43 
Spain 10.7 1.41 1.47 1.46 n/a n/a 
Sweden 6.5 1.36 1.41 1.44 1.44 1.51 
Turkey 30.5 n/a 1.75 1.75 1.94 1.76 
UK / England 29.7 1.48 1.54 1.50 1.57 1.53 
USA 27.4 1.41 1.44 1.46 1.48 1.50 
       
# Countries 28 24 25 25 15 15 
 
* Number of births to women ages 15–19 per 1,000 women. 
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GDP-Based Variables 
Table A.22: GDP Per Capita, U.S. Dollars (2012) 
with 2011 Average Test Scores 
Countries 
GDP 
Per 
Capita, 
US 
Dollars 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 67,869 527 516 516 505 519 
Austria 46,604 529 508 532 n/a n/a 
Belgium  
(Flemish 
TIMSS / 
French PIRLS) 
43,707 506 549 509 n/a n/a 
Canada 52,283 548 n/a n/a n/a n/a 
Chile 15,363 n/a 462 480 416 461 
Czech 
Republic 
18,428 545 511 536 n/a n/a 
Denmark 56,253 554 537 528 n/a n/a 
Finland 45,741 568 545 570 514 552 
France 39,617 520 n/a n/a n/a n/a 
Germany 41,376 541 528 528 n/a n/a 
Hungary 12,490 539 515 534 505 522 
Ireland 46,032 552 527 516 n/a n/a 
Israel 31,537 541 n/a n/a 516 516 
Italy 33,069 541 508 524 498 501 
Japan 46,838 n/a 585 559 570 558 
Korea (South) 23,052 n/a 605 587 613 560 
Netherlands 46,073 546 540 531 n/a n/a 
New Zealand 38,399 531 486 497 488 512 
Norway 100,056 507 495 494 475 494 
Poland 12,820 526 481 505 n/a n/a 
Portugal 20,006 541 532 522 n/a n/a 
Slovak 
Republic 
16,774 535 507 532 n/a n/a 
Slovenia 21,947 530 513 520 505 543 
Spain 28,278 513 482 505 n/a n/a 
Sweden 55,072 542 504 533 484 509 
Turkey 10,653 n/a 469 463 452 483 
UK / England 39,367 552 542 529 507 533 
USA 51,163 556 541 544 509 525 
       
# Countries 28 24 25 25 15 15 
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Table A.23: GDP Per Capita, U.S. Dollars (2012) 
with 2011 Test Score Percentile Ratios 
 
Countries 
GDP Per 
Capita, 
US 
Dollars 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 67,869 1.50 1.55 1.51 1.56 1.52 
Austria 46,604 1.37 1.38 1.41 n/a n/a 
Belgium 
(Flemish 
TIMSS / French 
PIRLS) 
43,707 1.40 1.32 1.34 n/a n/a 
Canada 52,283 1.38 n/a n/a n/a n/a 
Chile 15,363 n/a 1.59 1.54 1.66 1.52 
Czech 
Republic 
18,428 1.34 1.43 1.41 n/a n/a 
Denmark 56,253 1.35 1.40 1.42 n/a n/a 
Finland 45,741 1.33 1.38 1.34 1.39 1.35 
France 39,617 1.41 n/a n/a n/a n/a 
Germany 41,376 1.37 1.36 1.41 n/a n/a 
Hungary 12,490 1.46 1.57 1.52 1.59 1.51 
Ireland 46,032 1.42 1.46 1.49 n/a n/a 
Israel 31,537 1.51 n/a n/a 1.67 1.63 
Italy 33,069 1.37 1.44 1.43 1.48 1.49 
Japan 46,838 n/a 1.37 1.34 1.47 1.42 
Korea (South) 23,052 n/a 1.34 1.33 1.49 1.43 
Netherlands 46,073 1.29 1.29 1.30 n/a n/a 
New Zealand 38,399 1.56 1.57 1.58 1.59 1.56 
Norway 100,056 1.37 1.43 1.39 1.43 1.46 
Poland 12,820 1.44 1.48 1.50 n/a n/a 
Portugal 20,006 1.37 1.39 1.43 n/a n/a 
Slovak 
Republic 
16,774 1.39 1.49 1.45 n/a n/a 
Slovenia 21,947 1.41 1.41 1.45 1.44 1.43 
Spain 28,278 1.41 1.47 1.46 n/a n/a 
Sweden 55,072 1.36 1.41 1.44 1.44 1.51 
Turkey 10,653 n/a 1.75 1.75 1.94 1.76 
UK / England 39,367 1.48 1.54 1.50 1.57 1.53 
USA 51,163 1.41 1.44 1.46 1.48 1.50 
       
# Countries 28 24 25 25 15 15 
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Table A.24: Percentage of GDP Government Spends on Family 
Services* (2009) with 2011 Average Test Scores 
 
Countries 
% of 
GDP on 
Family 
Services 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 2.83 527 516 516 505 519 
Austria 2.95 529 508 532 n/a n/a 
Belgium 
(Flemish 
TIMSS / French 
PIRLS) 
3.45 506 549 509 n/a n/a 
Canada 1.55 548 n/a n/a n/a n/a 
Chile 1.47 n/a 462 480 416 461 
Czech 
Republic 
2.60 545 511 536 n/a n/a 
Denmark 3.90 554 537 528 n/a n/a 
Finland 3.29 568 545 570 514 552 
France 3.98 520 n/a n/a n/a n/a 
Germany 3.07 541 528 528 n/a n/a 
Hungary 3.58 539 515 534 505 522 
Ireland 4.24 552 527 516 n/a n/a 
Israel 2.37 541 n/a n/a 516 516 
Italy 1.58 541 508 524 498 501 
Japan 1.48 n/a 585 559 570 558 
Korea (South) 1.01 n/a 605 587 613 560 
Netherlands 2.48 546 540 531 n/a n/a 
New Zealand 3.56 531 486 497 488 512 
Norway 3.34 507 495 494 475 494 
Poland 1.53 526 481 505 n/a n/a 
Portugal 1.71 541 532 522 n/a n/a 
Slovak 
Republic 
2.43 535 507 532 n/a n/a 
Slovenia 2.10 530 513 520 505 543 
Spain 1.77 513 482 505 n/a n/a 
Sweden 3.75 542 504 533 484 509 
Turkey n/a n/a 469 463 452 483 
UK / England 4.22 552 542 529 507 533 
USA 1.22 556 541 544 509 525 
       
# Countries 27 24 25 25 15 15 
 
* Family services include: cash, services, tax breaks to families. 
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Table A.25: Percentage of GDP Government Spends on Family 
Services* (2009) with 2011 Test Score Percentile Ratios 
Countries 
% of 
GDP on 
Family 
Services 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 2.83 1.50 1.55 1.51 1.56 1.52 
Austria 2.95 1.37 1.38 1.41 n/a n/a 
Belgium 
(Flemish 
TIMSS / French 
PIRLS) 
3.45 1.40 1.32 1.34 n/a n/a 
Canada 1.55 1.38 n/a n/a n/a n/a 
Chile 1.47 n/a 1.59 1.54 1.66 1.52 
Czech 
Republic 
2.60 1.34 1.43 1.41 n/a n/a 
Denmark 3.90 1.35 1.40 1.42 n/a n/a 
Finland 3.29 1.33 1.38 1.34 1.39 1.35 
France 3.98 1.41 n/a n/a n/a n/a 
Germany 3.07 1.37 1.36 1.41 n/a n/a 
Hungary 3.58 1.46 1.57 1.52 1.59 1.51 
Ireland 4.24 1.42 1.46 1.49 n/a n/a 
Israel 2.37 1.51 n/a n/a 1.67 1.63 
Italy 1.58 1.37 1.44 1.43 1.48 1.49 
Japan 1.48 n/a 1.37 1.34 1.47 1.42 
Korea (South) 1.01 n/a 1.34 1.33 1.49 1.43 
Netherlands 2.48 1.29 1.29 1.30 n/a n/a 
New Zealand 3.56 1.56 1.57 1.58 1.59 1.56 
Norway 3.34 1.37 1.43 1.39 1.43 1.46 
Poland 1.53 1.44 1.48 1.50 n/a n/a 
Portugal 1.71 1.37 1.39 1.43 n/a n/a 
Slovak 
Republic 
2.43 1.39 1.49 1.45 n/a n/a 
Slovenia 2.10 1.41 1.41 1.45 1.44 1.43 
Spain 1.77 1.41 1.47 1.46 n/a n/a 
Sweden 3.75 1.36 1.41 1.44 1.44 1.51 
Turkey n/a n/a 1.75 1.75 1.94 1.76 
UK / England 4.22 1.48 1.54 1.50 1.57 1.53 
USA 1.22 1.41 1.44 1.46 1.48 1.50 
       
# Countries 27 24 25 25 15 15 
 
* Family services include: cash, services, tax breaks to families. 
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Table A.26: Percentage of GDP Government Spends on Childcare 
(including tax credits) and Preschool with 2011 Average Test Scores 
Countries 
% of GDP 
Govt 
Spends on 
Childcare /  
Preschool 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 0.6 527 516 516 505 519 
Austria 0.4 529 508 532 n/a n/a 
Belgium 
(Flemish 
TIMSS/French 
PIRLS) 
0.7 506 549 509 n/a n/a 
Canada 0.2* 548 n/a n/a n/a n/a 
Chile 0.6 n/a 462 480 416 461 
Czech 
Republic 
0.4 545 511 536 n/a n/a 
Denmark 1.4 554 537 528 n/a n/a 
Finland 1.1 568 545 570 514 552 
France 1.1 520 n/a n/a n/a n/a 
Germany 0.5 541 528 528 n/a n/a 
Hungary 0.7 539 515 534 505 522 
Ireland 0.4 552 527 516 n/a n/a 
Israel 0.9 541 n/a n/a 516 516 
Italy 0.7 541 508 524 498 501 
Japan 0.4 n/a 585 559 570 558 
Korea 
(South) 
0.7 n/a 605 587 613 560 
Netherlands 0.9 546 540 531 n/a n/a 
New Zealand 1.0 531 486 497 488 512 
Norway 1.2 507 495 494 475 494 
Poland 0.3 526 481 505 n/a n/a 
Portugal 0.4 541 532 522 n/a n/a 
Slovak 
Republic 
0.4 535 507 532 n/a n/a 
Slovenia 0.5 530 513 520 505 543 
Spain 0.6 513 482 505 n/a n/a 
Sweden 1.4 542 504 533 484 509 
Turkey n/a n/a 469 463 452 483 
UK / England 1.1 552 542 529 507 533 
USA 0.4 556 541 544 509 525 
       
# Countries 27 24 25 25 15 15 
 
* This low figure for Canada may not account for local government spending on these programs.  
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Table A.27: Percentage of GDP Government Spends on Childcare (incl. 
tax credits) and Preschool with 2011 Test Score Percentile Ratios 
Countries 
% of GDP 
Govt 
Spends on 
Childcare /  
Preschool 
PIRLS 
4th 
Grade 
TIMMS 
4th 
Grade 
Math 
TIMSS 
4th 
Grade 
Science 
TIMSS 
8th 
Grade 
Math 
TIMSS 
8th 
Grade 
Science 
Australia 0.6 1.50 1.55 1.51 1.56 1.52 
Austria 0.4 1.37 1.38 1.41 n/a n/a 
Belgium 
(Flemish 
TIMSS / French 
PIRLS) 
0.7 1.40 1.32 1.34 n/a n/a 
Canada 0.2* 1.38 n/a n/a n/a n/a 
Chile 0.6 n/a 1.59 1.54 1.66 1.52 
Czech 
Republic 
0.4 1.34 1.43 1.41 n/a n/a 
Denmark 1.4 1.35 1.40 1.42 n/a n/a 
Finland 1.1 1.33 1.38 1.34 1.39 1.35 
France 1.1 1.41 n/a n/a n/a n/a 
Germany 0.5 1.37 1.36 1.41 n/a n/a 
Hungary 0.7 1.46 1.57 1.52 1.59 1.51 
Ireland 0.4 1.42 1.46 1.49 n/a n/a 
Israel 0.9 1.51 n/a n/a 1.67 1.63 
Italy 0.7 1.37 1.44 1.43 1.48 1.49 
Japan 0.4 n/a 1.37 1.34 1.47 1.42 
Korea (South) 0.7 n/a 1.34 1.33 1.49 1.43 
Netherlands 0.9 1.29 1.29 1.30 n/a n/a 
New Zealand 1.0 1.56 1.57 1.58 1.59 1.56 
Norway 1.2 1.37 1.43 1.39 1.43 1.46 
Poland 0.3 1.44 1.48 1.50 n/a n/a 
Portugal 0.4 1.37 1.39 1.43 n/a n/a 
Slovak 
Republic 
0.4 1.39 1.49 1.45 n/a n/a 
Slovenia 0.5 1.41 1.41 1.45 1.44 1.43 
Spain 0.6 1.41 1.47 1.46 n/a n/a 
Sweden 1.4 1.36 1.41 1.44 1.44 1.51 
Turkey n/a n/a 1.75 1.75 1.94 1.76 
UK / England 1.1 1.48 1.54 1.50 1.57 1.53 
USA 0.4 1.41 1.44 1.46 1.48 1.50 
       
# Countries 27 24 25 25 15 15 
 
* This low figure for Canada may not account for local government spending on these programs. 
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